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ABSTRACT 





The volatile base used as a measure of fish decomposition by Beatty and Gibbons, Journal 
of the Biological Board of Canada, Vol. III, 1936, has been shown to be trimethylamine, derived 
from the reduction of trimethylamine oxide. 















Beatty and Gibbons (1936) reported the separation of a fraction of the 
volatile nitrogenous bases from decomposing cod muscle, which was found to 
develop only as a result of bacterial action. This fraction was believed to consist 
mainly or wholly of trimethylamine derived from the reduction of trimethylamine 
oxide, because ammonia and primary amines were eliminated during the ana- 
lytical procedure, because trimethylamine had been found previously in de- 
composing fish, and because Suwa (1909) had isolated the probable precursor, 
trimethylamine oxide, from sea fish. The determination of the correctness of the 
suggested reaction is important because the reduction of trimethylamine oxide 
by bacteria suggests a respiratory mechanism, the study of which might shed 
some light on the metabolism of the bacteria concerned with fish spoilage. 


















THE IDENTIFICATION OF TRIMETHYLAMINE 


In decomposing fish muscle, the possible volatile bases may be divided into 
four groups, ammonia, primary amines, secondary amines and tertiary amines. 
Since by the use of formaldehyde, ammonia and primary amines are excluded, 
the fraction of Beatty and Gibbons (1936) must consist only of secondary or : 
tertiary amines. Boury and Schvinte (1935) made use of nitrous acid for the 
elimination of other volatile bases in the determination of trimethylamine. In 
the hands of the author, the method was cumbersome and not very accurate, 
but by a micromodification of the method, solutions of dimethylamine and 
trimethylamine of known strength were separated with fair accuracy, the 
trimethylamine value being always 94 to 96 per cent of the theoretical yield. 

For the identification of the bases in decomposing fish muscle press juice, the 
total value of the fraction not bound by formaldehyde was determined by the 
distillation method of Beatty and Gibbons. In order to duplicate the conditions 
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of the modified Boury and Schvinte method exactly, an amount of press juice 
containing about 2 mg. volatile nitrogen of the same fraction was distilled in the 
same manner into an excess of acid. The distillate was transferred to an 125 
ml. Erlenmeyer flask and made to a volume of about 25 ml. One ml. glacial 
acetic acid was added, an air condenser was connected to the flask by means 
of a ground glass stopper, and the flask was placed in a boiling water bath. Four 
1 ml. additions of a freshly prepared 10 per cent solution of sodium nitrite were 
made at 5-minute intervals, the flask being heated 30 minutes in all. One ml. of 
half concentrated sulphuric acid was added and the heating was continued for 
15 minutes. The flask was cooled, made alkaline with sodium hydroxide, and 
the remaining volatile base was distilled into an excess of standard acid in the 
Beatty-Gibbons still. 

Cod muscle press juice was allowed to spoil and was subjected to the above 
analytical procedure. The results are given in table I. Because the value for 
trimethylamine in pure solution was consistently 5 per cent low, the value for 
tertiary amine is 105 per cent of the figure actually obtained. The results show 
that, if the tertiary amine is trimethylamine and if the correction factor is 
justifiable, secondary amines cannot be demonstrated, the figures given in table I 
being less than the experimental error, and that all the volatile base in this 
fraction is tertiary amine. 


TaBLE I.—The development of secondary and tertiary amines in cod muscle press juice at 
various temperatures. 


Secondary and tertiary amine nitrogen per 
100 ml. press juice. 








Storage Storage - - —| - —— -— 
temperature period Secondary 
and Tertiary | Secondary 
tertiary 
< — ieceodaen joes Ea 
mg. mg. mg. 
0.5°C. 15 days 109 108 | 1 
10°C. Roe. 55 54 1 
2 107 106 1 
| | 
21°C. 17 hours 27.6 27.3 0.3 | 
a 99 102 -- 


The conversion of the tertiary amine to the oxide proved it to consist at least 
very largely of trimethylamine. A large volume of cod muscle press juice, 2 to 5 
litres, was allowed to spoil till the volatile basic nitrogen, as determined by 
distillation in the presence of formaldehyde, was 20 to 30 mg. per cent. The 
proteins were precipitated with trichloracetic acid. The filtrate was made basic 
and the volatile bases were steam distilled under reduced pressure in the presence 
of formaldehyde into an excess of sulphuric acid. The distillate was boiled to 
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remove the greater part of the formaldehyde, after which it was made basic and 
distilled into a 10 per cent excess above the theoretical value of ice-cold 3 per 
cent hydrogen peroxide. After standing 24 hours this distillate was concentrated 
under reduced pressure to a pasty consistency and the resultant tertiary amine 
oxide was recrystallized four times from alcohol, and dried in a vacuum desic- 
cator. The melting point of this oxide was 96.4°C., and was identical with that 
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Ficure 1, Changes in trimethylamine and trimethylamine oxide in cod muscle press juice at 
21°C. Trimethylamine nitrogen X——-X——-X——. Trimethylamine nitrogen plus 
trimethylamine oxide nitrogen —-e——-e——- e—. 


of trimethylamine oxide and with a mixture of trimethylamine oxide and the 
unknown oxide. These findings constitute very strong evidence that the fraction 
of the volatile bases in spoiling cod muscle under investigation consists entirely 
of trimethylamine. 


THE SOURCE OF TRIMETHYLAMINE 


The most probable sources of trimethylamine in spoiling fish muscle are 
those compounds such as creatine, betaine, and trimethylamine oxide which 
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have groupings similar to trimethylamine. Of these, trimethylamine oxide is 
the most readily converted to trimethylamine. In so far as the author is aware, 
the only quantitative methods for the estimation of trimethylamine oxide are 
based on its reduction to trimethylamine. For example, Cook (1931) reduced 
the oxide by means of stannous chloride, while Lintzel (1934) used Dewarda’s 
alloy and hydrochloric acid at slightly elevated temperatures. 
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Ficure 2. Changes in trimethylamine and trimethylamine oxide in cod muscle press juice at 
10°C. Trimethylamine nitrogen—X——-X——-X.. Trimethylamine nitrogen and trimethy]l- 
amine oxide nitrogen ° ° o—, 


Experiments with stannous chloride were not very promising, since with 
pure trimethylamine oxide yields as low as 65 per cent were obtained. On the 
other hand Lintzel’s method was found to be accurate on pure trimethylamine 
oxide solutions within the accuracy of the determination of trimethylamine. As 
Lintzel found that choline, betaine, y—butyrobetaine and carnitin do not 
influence the determination, this method was chosen as the most specific available. 

The details of the analytical procedure are as follows. Two ml. of press juice 
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were pipetted into an 125 ml. Erlenmeyer flask, and 0.5 g. Dewarda’s alloy was 
added. The flask was placed in a water bath at 65°C. Hydrochloric acid, half 
concentrated, was added, 2 ml. every 10 minutes for 40 minutes. The flask was 
left in the water bath for a total period of one hour, after which it was cooled, 
and its contents were washed into the distillation flask of the Beatty-Gibbons 
apparatus. Ten ml. 40 per cent formaldehyde was added, to bind any ammonia 
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FiGuURE 3. Changes in trimethylamine and trimethylamine oxide in cod muscle press juice at 


0.5°C. Trimethylamine nitrogen X——-X——-X——. Trimethylamine nitrogen and 
trimethylamine oxide nitrogen —-e——-e——-e—. 


which might have been originally present or which might have been produced 
by hydrolysis. The flask was made basic with a slight excess of sodium hydroxide, 
and its contents steam-distilled under reduced pressure into standard acid. This 
distillate contains both the trimethylamine originally present, and that resulting 
from the reduction of trimethylamine oxide. Preformed trimethylamine was 
determined according to Beatty and Gibbons (1936). 

If during the spoilage of fish muscle press juice trimethylamine is derived 
entirely from trimethylamine oxide, the sum of trimethylamine nitrogen and 
trimethylamine oxide nitrogen should be constant. Figure 1 shows the relation- 
ship between the nitrogen of these compounds during the spoilage of cod muscle 
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press juice at 21°C. Figures 2 and 3 show the same relationships at 10°C. and 
0.5°C. respectively. The curve of trimethylamine nitrogen in each case is typical 
of those obtained by Beatty and Gibbons. The curves of the total of both 
trimethylamine ahd trimethylamine oxide nitrogen show slight rises at both 
10°C. and 0.5°C. This rise is just greater than the experimental error, constituting 
a maximum of 6 per cent of the total nitrogen estimated. Therefore it may be 
concluded that in the light of our present knowledge as to the specificity of the 
reactions used in this investigation, at least 94 per cent of the trimethylamine 
produced even in very advanced spoilage of cod muscle press juice, is derived 
from the reduction of trimethylamine oxide. 


SUMMARY 


The volatile base used by Beatty and Gibbons as a measure of fish spoilage 
is shown to be at least 95 per cent trimethylamine. It does not react with 
nitrous acid and therefore is a tertiary amine. On conversion to the oxide, the 
melting point and mixed melting point are identical with that of trimethyl- 
amine oxide. It has been shown that even in advanced spoilage of cod muscle 
press juice, trimethylamine is derived almost entirely from trimethylamine oxide. 
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Fluctuations in the Intensity of the Spawning Runs of Rainbow 
Trout at Paul Lake 


By C. McC. MotTtLey 
Cornell University, Ithaca, N.Y. 


(Received for publication May 11, 1937) 


ABSTRACT 


During a six-year study of the migration of mature rainbow trout from Paul lake into 
Paul creek, British Columbia, characteristic daily and seasonal fluctuations were found. The 
peak of each daily run occurred in the early afternoon and the peak of the seasonal run began 
during the first spell of warm bright weather in spring after the ice left the lake. By using an 
index of the intensity of migration based on an estimate of the total number of spawners in the 
lake the seasonal fluctuations were related to such conditions as the direction of the wind, the 
temperature of the lake and creek, thunderstorms and the size of the fish. 


From 1931 to 1936 the author investigated, under the auspices of the 
Biological Board of Canada, various phases of the life-history of the population 
of rainbow trout, Salmo gairdneri kamloops, contained in Paul lake near 
Kamloops, British Columbia. The location and configuration of the drainage 
system are shown in the map, figure 1. An important part of the studies was 
the annual estimation of the number of spawning fish. Preliminary observations 
made in the spring of 1931 revealed the fact that over 90 per cent of the 
spawners migrated into Paul creek, the larger of the two tributaries; a few fish 
were found spawning in Agnes creek, the second tributary, and a small number 
congregated in the running water near the outlet which was completely screened 
so that the fish could not leave the lake. Upon questioning the fishery and 
hatchery officers, local residents and anglers, it was ascertained that the spawning 
fish observed in the three places mentioned above were present in about the 
usual proportions. Up to that time there had been no indication that spawning 
took place in the lake itself and subsequent observations confirmed this con- 
clusion. It was decided, therefore, that a complete count of the mature fish 
entering Paul creek plus an estimate of the number of spawners in the other two 
localities would give a fairly accurate picture of the spawning component of the 
population. 

In order to carry out the count in Paul creek a fence and trap, made of 
pickets set three-quarters of an inch (19 mm.) apart, were constructed in 1931 
just above the normal high-water level of the lake. The upward migration of 
all the fish over 7 inches (18 cm.) in length was thus effectively blocked by the 
fence but they could find their way through a narrow opening in it which led 
through a tapering funnel into the trap. Fish less than 7 inches (18 cm.) in 
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length could pass between the pickets, and it was found by examining a sample 
of the small fish from the creek above the fence that some of them were mature 
males. In speaking of the spawning component of the population it should be 
pointed out that this refers only to those fish that were big enough to be caught 
by the trap. 

Careful observation of the reaction of the fish on several occasions showed 
that the fence itself retarded the migration only for the length of time that it 
took them to find the opening into the trap by a trial and error search along the 
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FiGureE 1. The Paul creek drainage system, with Paul lake about 12 miles (19.3 km.) northeast 


of Kamloops, British Columbia. 


pickets. Every precaution »was taken not to disturb the fish by working near 
the trap any longer than necessary to make the count and keep the pickets clear 
of debris. During the counting operations of 1932 and 1933 the trap was 
emptied once a day; each fish was lifted out with a dip-net and held by an 
assistant while a sample of scales for age determination was being taken; the 
sex was noted and then the fish was released on the upstream side of the fence. 
In the course of this work observations were made that led to the con- 
clusions that certain environmental factors exerted an influence on the intensity 
of the spawning migration and caused the number of fish to fluctuate in a 


characteristic daily and seasonal manner. These observations were briefly 
reported in a recent paper (Mottley 1934). In order to check the hypothesis 
developed therein it was decided that a more detailed study of the spawning 
migrations of 1934 and 1935 should be undertaken. 





METHODS 


In 1934 and 1935 the count was carried out in the same manner as in former 
vears with the exception that the trap was emptied twice a day, usually between 
8.00 and 9.00 in the morning and between 4.00 and 6.00 in the evening. When 
the number of fish trapped was large it often took a little longer than this to 
complete the counting operations. In 1935 the usual data were taken, but, in 
addition, all the fish judged to be over a pound (0.45 kg.) in weight were tagged 
and weighed before being released on the upstream side of the fence. 

In 1934 the fence and trap were installed on April 16, about three days 
after the ice had left the lake. The fish trapped during the first five days, 24 in 
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FIGURE 2. Percentage of the total run entering the Paul creek trap for the several weekly periods 
of the spawning runs of 1934 and 1935, with the peak for 1934 about three weeks 
earlier than that for 1935. 


all, were held and passed upstream on the morning of April 21. Beginning with 
the evening of April 21 the trap was emptied every night and morning with the 
exception of the evenings of May 7 and 13 when the fish were held overnight. 
The counting operations were discontinued on May 19 owing to the limitation 
of funds. 

In 1935 the fence was installed in the creek on April 16 but the trap was 
not opened until April 20. The first fish entered the trap on April 23. The ice 
did not leave the lake until May 1, and owing to the difficulty of reaching the 
trap by land it was emptied only in the mornings from April 24 to May 1. From 
the evening of May 1 until June 25 it was emptied every night and morning. 

In addition to the count of the run as outlined above, records were also 
kept of the state of the weather, the direction and approximate force of the 








wind, the height of the lake, and temperatures of Agnes and Paul creeks and 
the temperature of the surface of the lake. Several series were taken in the 
lake with the reversing thermometer to determine the temperatures.of the 
deeper strata. Several pH determinations were made but the variations were 
so slight that there was no reason to suspect that pH was a factor contributing 
to the fluctuations in the intensity of migration. 

The daily run has been considered as the number of fish passed upstream 
each evening plus the number liberated the following morning. The number of 
males and females counted each night and morning and the total number of 
fish for each day have been placed in separate columns in the tables. 
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FiGuRE 3. The spawning runs of trout entering Paul creek during the 1934 and 1935 seasons, 
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each day’s run being represented by its “‘intensity index’’,—the percentage of the 


total number of spawners estimated to be in the lake on that particular day. 


The fluctuations in the runs have been followed in two ways: (1) by plotting 
the percentage of the total run for the year that may enter in a given period 
of time (as in figure 2); (2) by plotting an index of the intensity of migration 
calculated as the percentage of spawning fish that leave the lake each day (as 
in figure 3). , 

The index of intensity of migration is undoubtedly a more reliable way of 
relating the daily fluctuations to causal factors. The basis for calculating both 
of the above indices depends on the accuracy of the estimation of the total 
number of spawning fish in the lake. In order to allow for underestimation a 
small number has been added to the total count of trout caught at the trap. 

For 1934, the count was 1,434 fish, and 1,500 was taken as an estimate of 
the total number of spawners. Since counting ceased during the straggler phase 
of the run, this number cannot be considered as very reliable, but is believed 
to be within 3 per cent of the true value. Such an error will have little effect 
on the accuracy of the calculations, until near the end of the run. For 1935, 
the count was complete,—52,268 fish, and the estimated total of 2,300 fish is 
believed to be fairly close to the true value. 
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RESULTS 


In tables I and II are given the numbersf fish taken each day during 1934 
and 1935 respectively. From these data, the proportion of migration during 
successive weeks for the two years has been plotted in figure 2. It may be seen 
at once that the peak of migration was considerably earlier in 1934 than in 1935, 
occurring in the last week in April in the former year and in the third week in 
May in the latter. From experience since 1922 the hatchery officers stated that 
these were extreme years; the peak of the run usually occurred during the first 
two weeks of May. 

This variation in the time of the run is evidently due to weather, since the 
spring of 1934 was described locally as being unusually early (at Kamloops, the 
mean daily temperature for April was 3.3°C. above a 41-year average) and the 
spring of 1935 very backward (April temperature 1.7°C. below a 42-year 
average). Temperature probably acts not only directly on the fish, but also 
indirectly through other factors, and a more detailed analysis is necessary. 


TaBLe I, The number of mature fish counted at the Paul creek trap during the spawning run 
of 1934. The numbers in the A. M. column are the numbers of fish liberated on the morning 
following the date indicated. The fish caught from April 16-21 were liberated on the morning 
of April 21. 


Males Females Total 

Date P. M. A. M. P. M. A. M. number 
April 16-21. . a 13 ns 11 24 
mes 2 1 2 2 7 
we. j 78 0 90 0 168 
23 54 14 78 23 169 
24 71 9 81 6 167 
25 57 24 76 28 185 
26 32 “15 24 8 79 
27 46 15 69 24 154 
28 44 8 43 5 100 
ee 7 8 8 4 27 
om. . 28 0 25 2 55 
May aa? s 11 8 6 6 31 
2 8 4 0 13 
3 6 5 6 2 19 
4 9 0 4 1 14 
5 7 0 11 3 21 
6 3 4 7 i) 14 
7 — 5 — 8 13 
8 4 1 6 3 14 
9 4 3 5 5 17 
10 12 1 5 2 20 
11 5 2 4 1 12 
me 4. 3 1 2 1 1 5 
Re cs\he x -- 9 os 8 17 
ee 5 5 13 6 29 
Se 2 6 4 4 16 
WN 5 2 12 d 22 
17 2 1 3 1 2 
18 4 ¢ 2 6 15 


Totals 
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TaBLeE I]. The number of mature fish counted at the Paul creek trap during the spawning run 
of 1935. The numbers in the A. M. columns are the number of fish liberated on the morning 
following the date indicated. From April 23 to 30 the trap was emptied once a day. 


Total 


number 


96 
40 
112 
132 
133 
94 
177 
133 
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For this purpose the daily intensity of migration (percentage entering trap 
out of the total number of spawners in the lake) has been calculated for both 
1934 and 1935 and the results plotted in figure 3. 


THE 1934 Run AND ASSOCIATED CONDITIONS 





Each run has been divided into three parts: an early phase characterized 
by a low intensity of migration; a peak phase with one or two periods of high 
intensity; and a final straggler phase with a low intensity. 








THE EARLY PHASE 





This was much shorter than for the two previous seasons, lasting only from 
April 16 to 21 inclusive, with an average daily migration intensity of 0.35 per 
cent. The decrease may be related to the lake water not remaining below 4°C. 
very long, owing to the air temperatures being higher than normal. Also with 
a west wind and clear sky, although there were frosts at night, it was quite warm 
during the days, the temperature of the water in the creek rising from 2.6°C. at 
8.00 a.m. to 6.1°C. at 4.00 p.m. on April 17 (fig. 4). 

































THE PEAK PHASE 

The migration intensity rose suddenly from 0.5 per cent on April 21 to 
11.4 per cent on April 22. This coincided with the attainment of an optimum 
range of temperature in the creek, on April 22 from 5.2°C. at 6.00 a.m. to 9.0° 
at 4.00 p.m., the majority of the fish entering the trap between 1.00 and 3.00 
p.m. There had been no particular change in the weather, and it remained steady 
until April 25. During this time the intensity increased daily to 19.2 per cent 
on April 25 with the temperature range from 6.9 to 10.9°C. 

That night there was a heavy rain and about midday on April 26 there was 
a severe thunder and rain storm. The intensity dropped abruptly that day to 
10.1 per cent, but, with the west wind continuing, rose on the following dya 
to 21.9 per cent. During the three succeeding days the weather was unsettled, 
cloudy with occasional rain and variable wind, and the intensity dropped to 
6.0 per cent by April 29. On the next day with the weather continuing unsettled 
but with a strong westerly wind, the intensity rose to 13.1 per cent, but fell to 
8.5 per cent on May 1, which was calm, and still farther to 3.9 per cent on 
May 2 with a strong east wind blowing. 

From May 1 to 13 inclusive, with the weather unsettled, the wind never 
blowing steadily from the same direction on two consecutive days, the average 
daily intensity was 6.3 per cent. 

On May 14 with westerly winds and clear settled weather the intensity rose 
to 18.7 per cent. From May 14 to 19 inclusive, until the end of counting opera- 
tions, fine weather prevailed and the average intensity was 15.6 per cent. 


Tue 1935 RuN AND ASSOCIATED CONDITIONS 





THE EARLY PHASE 
The lake was completely covered with ice from April 16 to 22 inclusive, 


except for a small open area at the west end, and, although the creek was running 
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with a considerable volume, no fish entered the trap when it was opened on 
April 20. From April 23 to 27 inclusive, the ice gradually began to disappear 
from the west end of the lake but it still covered the east end for about two 
miles (3.2 km.) in a fairly thick sheet. The first fish entered the trap on April 23 
but for the next four days the intensity of migration remained below 0.2 per 
cent. The ice began to break up finally on April 28 and it disappeared entirely 
from the open water leaving a clear channel down the middle of the lake. 


Mayl® Apr2@ | Apr27 























On the left, the temperature of Paul lake on several days during the season of the 
spawning run of 1934; on the right, variations in temperature of the creek for several 
typical days; on the lower right, the daily maximum (A) and minimum (B) tempera- 
tures of the creek. 


From April 28 to May 15 inclusive, the weather was partly cloudy with 
occasional rain and generally cold; the wind blew fairly steadily, however, from 
the west. The temperature of the creek and of the lake remained low (fig. 5). At 
no time during the period was the morning temperature of the creek above 5°C. 
or the noon temperature as high as 7°C. The highest temperature was 7.1°C. at 
4.00 p.m. on May 13 and the highest intensity of migration (5.4 per cent) 
occurred the following day. The lowest index (0.8 per cent) was on May 10, 
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coinciding with the lowest noon temperature. The average intensity for the 
18-day period was 2.6 per cent. Although all this was considered as the early 
phase, the total number of fish trapped amounted to 887. 


THE PEAK PHASE 


Following a rainstorm on May 15 the weather finally cleared and it became 
fine and warm with westerly breezes. The intensity of migration increased 

















June 


Ficure 5. On the left, the temperature of Paul lake on several typical days during the season 
of the 1935 spawning run; on the right, variations in temperature of the creek for 
several days; on the lower right, the daily noon temperature of the creek 


gradually to 20.8 per cent on May 22. A slight decrease in intensity on May 19 
may possibly be ascribed to the fact that several anglers fishing from boats 
worked back and forth across the mouth of the creek during the afternoon. 

On May 23 thunder occurred at noon (1.15 p.m.) and although the wind 
continued to blow from the west, the intensity of migration dropped suddenly 
to 8.7 per cent. For the next two days the weather was unsettled and cold with 
west wind and the intensity increased only slightly. With the weather clearing 
on May 25 and remaining fine and warm until May 28, the intensity rose to 
22.8 per cent, the highest value for the run. A light thunderstorm with no rain 





78 


occurred on May 29 and the intensity dropped to 16.9 per cent. It rose again 
on the following day to 21.7 per cent, then gradually fell off during the next 
11 days to 2.0 per cent on June 10, terminating the peak phase of the run. 


THE STRAGGLER PHASE 


The period from June 11 to 25 inclusive may be considered as the straggler 
phase of the run. The intensity of migration was probably below 1.0 per cent 
but the values are open to some question, owing to the possibility of error in 
estimating the total spawning population. As shown in figure 5 the temperature 
of the creek ranged fairly consistently above 10°C. 

With regard to the intensity of migration at different times of the day, 
about twice as many fish entered the trap during the period from 9.00 a.m. to 
6.00 p.m. The proportion of fish migrating during the day-period was higher, 
however, during the peak phase of the run. The small fish showed a greater 
tendency to run at night than the large fish, and the much greater number of 
small fish in the 1935-run may thus account for the lesser tendency to run during 
the daytime as compared with the 1934-run. 

From the foregoing log of the two runs it may be concluded that physical 
and climatic factors play an important part in determining the fluctuations in 
the spawning runs of rainbow trout. The intensity of the migration is apparently 
affected by such factors as the volume of the creek, the temperature of the water, 
the strength and direction of the wind, and there is also reason to believe that 
thunderstorms and the disturbance caused by fishing may affect the number 
of fish in the run. The specific effect of some of these factors will be pointed out 
in the discussion below. 


DISCUSSION OF FACTORS INVOLVED 
HOMING 
Paul lake was stocked with fry planted in the lake in 1909 and prior to 
that time contained no fish of any kind. The progenitors of the present stock 
were consequently not entering the parent stream, and as yet there is no reason 
to suspect that the present runs enter Paul creek purely because it is the stream 
in which the broods originated. 


‘ 


WIND 


The relation between the direction of the wind and the intensity of migration 


is shown in table III. It is quite apparent that high intensity is associated with 
westerly winds, which, it should be noted, blow from the lake directly into the 
mouth of the creek. 


TABLE III 
Average intensity 
Wind condition Percentage of days of migration 
Westerly 48 13.1 
Changeable 30 10.3 
Easterly 15 5.8 
Calm 7 5.6 
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For the past five years the outstanding characteristic of the spawning runs 
has been the fact that the peak occurred in the early afternoons during the first 
spell of warm, settled weather after the ice left the lake. Weather of this type 
was usually accompanied by westerly winds of varying intensity. It was gen- 
erally calm in the early morning but breezes or light winds sprang up by the 
afternoon, then it became calm again in the evening. Owing to the location of 
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Ficure 6. Below, the temperature of Paul lake at five different stations when a strong east 
wind was blowing on May 2, 1934; above, the currents (as deduced from these data 
plotted in a longitudinal section of the lake. 


Paul lake in a trough-like valley running east and west, the winds with a westerly 
component blow directly into the mouth of Paul creek. According to Sandstriém 
(1919) such winds would drive a surface current toward the east end of the lake 
and another current would return in the opposite direction immediately below 
it. This effect of strong winds is shown graphically in figures 6 and 7. 

It is obvious that when west winds are blowing any fish in the uppermost 
stratum of the lake that are at all inclined to be oriented by the current and to 
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swim actively against it would be induced to move away from the creek to the 
west end of the lake, whereas those in the deeper stratum where the return 
current is located would move to the east end of the lake towards the mouth 
of the creek. The opposite would obtain when east winds were blowing. Days 
of changeable winds would provide a mixture of effects depending upon the 
strength and direction of the various components. Calm weather would be 
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FiGURE 7. Below, the temperature of Paul lake at the same stations as in figure 6 when a strong 
west wind was blowing on April 30, 1934; above, the currents (as deduced from these 
data) plotted in a longitudinal section of the lake. 


expected to provide the least favourable conditions for directing the migration 
of the fish. At the ends of the lake, where the currents reverse and change 
direction either by rising or sinking and a certain amount of confusion may 
occur in the water, a local concentration of fish may take place. This is probably 
an example of the schooling up effect which is characteristic of the spawning 
runs of salmon and trout. With such a local concentration off the mouth of the 
creek the chance of a large number coming in contact with the creek current by 
random movements is greatly increased. 
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TEMPERATURE 


There seems to be more to the phenomenon, however, than mere random 
location of the creek current. On a typical day when the run was at its height 
the greatest intensity of migration occurred shortly after midday. In the morning 
a few fish entered the trap, but between 1.00 p.m. and 2.00 p.m. they began to come 
into the creek, and subsequently the trap, at a rapid rate. On one occasion, 
when a typical count was made, the fish passed through the funnel at a rate of 
2 fish per minute for over an hour. The rate slackened in the late afternoon to 
one or two fish per hour. The hourly fluctuations in the intensity of migration 
are similar to the daily fluctuations throughout the whole season. The morning 
run corresponds to the early phase, the early afternoon run to the peak phase 
and the late afternoon run to the straggler phase. There is apparently very little 
active upstream movement during the dark. 

The factor that controls the high intensity of migration in the early after- 
noon appears to be associated with the temperature of the water. Temperature 
probably affects the intensity of migration in two ways: in the first place the 
increasing temperature undoubtedly stimulates the fish to swim more actively 
when the initial temperature has been low, 7.e. below 10°C., but it also seems 
to bring about a linking up between the stream current and the deep lake 
current just at the point where the former empties into the lake. It was noticed 
that the trout have a greater tendency to move up in the stream itself during 
the afternoon on days when the water warmed more quickly, provided that 
the temperature was above 7°C. but below 11°C. At temperatures above 11°C. 
the trout began to drop downstream. It is evident that a surface temperature 
gradient exists in the lake when a strong wind is blowing, as the data in figures 
6 and 7 show, but it does not seem likely that this is a factor that controls the 
phenomenon of the high intensity of migration in the early afternoon. It seems 
more likely that the explanation of a direct linking up of the creek and lake 
currents is the more cogent one. When these currents do link up then the fish 
heading up against the particular lake current which has stimulated their move- 
ment may pass directly into the creek without delay. A more critical examination 
of the temperature data pertaining to both the creek and the lake for days of 
high and low intensity of migration during the three main phases of the runs 
will illustrate this point. 

It is presumed that at the point of junction where the creek flows into the 
lake, which is generally warmer at the surface, the creek water will tend to seek 
a lower colder stratum with a density similar to its own. If it is calm when this 
mixing is going on the creek current will soon disappear. It is obvious that when 
the creek and the lake surface are of the same temperature the mixing will take 
place near the surface. In the early stages of the 1935-run, until May 1, the 
temperature of Paul lake remained uniformly at all depths at about 4°C., the 
maximum density, but the creek temperature rose each day from a low value, 
approximately 2°C., to a value just above the maximum density point, approxi- 
mately 5°C. The net effect of this was to scatter the creek current first at the 
surface, then later in the day in the deeper levels of the lake and finally at the 
surface again, Under such conditions there would be only a slight tendency to 
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form a definite current and the intensity of migration was observed to be cor- 
respondingly low. 

On the other hand when the run was at its peak in both of the years under 
discussion it was observed that the temperature of the creek in the morning was 
above 7°C. and in the course of the day it might rise to 11° or 12°C. At the 
same time a definite thermocline had already been set up in the lake and the 
zone of rapid change in temperature, usually from 11° to 7°C., was situated at 
a depth of 5 to 10 metres. These data are set out graphically in figures 4 and 5. 
The zone of rapid change of temperature in the lake, at the region of the thermo- 
cline, occurred in a fairly restricted range of depth and it so happened that this 
thermoclinal range coincided with the daily range of temperature in the creek. 
The result was that the creek tended to sink into a fairly constant level varying 
not more than two or three metres in the course of the day. The net effect of 
this, as opposed to the condition pointed out in the paragraph above, was to 
provide a steady volume of creek water flowing into the lake at a definite point. 
This zone also coincided with the depth at which the deep return current 


travelled down the lake under the influence of westerly breezes and moderate 
winds. 


SIZE OF FISH 


During the straggler phase of the 1935-run the temperature of the creek 
was found to be above that of the thermoclinal range and the creek water tended 
to mix, therefore, nearer the surface. This stage of the run was characterized by 
the presence of a large number of small fish and a number of out-of-condition 
fish spawning for the second or third time. The small fish seem to have a tolerance 
for higher temperatures and the intensity of light may also be a factor, hence 
they may stay in the layer of water above the thermocline and thus be able to 
find the creek current. Those fish that remain in or below the thermocline may 
become physiologically trapped as Ward (1930) has suggested in the case of the 
land-locking of the sockeye salmon. 

From a study of the weight distribution of the fish in the 1935-run it was 
found that there was a pronounced difference in the intensity of migration of 
the small fish as compared with the larger ones. The daily intensity of migration 
of the two groups of fish was calculated and the results have been plotted in 
figure 8. From this figure it may be seen that the small fish show two modes 
of high intensity of migration, one at the beginning and one at the end of the 
season. The presence of a mode at the beginning of the run was never observed 
during previous counting operations; in other vears the small fish seemed to be 
a characteristic feature of the end of the run and the writer was inclined to 


ascribe it to a difference in the maturity of the fish but apparently this is not 
the case. 


At the beginning of the 1935-run there was also a run of immature fish; 
this too was unusual because in the previous years never more than 5 immature 
fish were trapped. In 1935, from April 29 to May 7, 112 immature fish entered 
the trap and the peak occurred on May 1 when the run for the day amounted 
to 49 fish. This unusual occurrence was probably due to the difference in climatic 





















83 





conditions and is a typical example of the way nature may vary conditions for 
natural ‘“‘experimentation’’. It should be noted at this point that there is 
undoubtedly a distinct difference between the reactions of mature and immature 
trout. 

In the preceding years the ice melted rapidly on Paul lake, disappearing in 
a day or so after the first opening appeared. In 1935, owing to the protracted 
cold weather, it took ten days for the ice to disappear from the day when it first 
began to break up. It was observed that as the ice slowly receded toward the 
east end of the lake chironomids emerged a few yards from the receding ice-front. 
In former years the chironomids emerged all over the lake within a few days, 
and all practically at the same time, as compared with the long emergence in 
1935 while the ice was melting. A considerable number of trout averaging about 
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FicurE 8. The intensity of the spawning run of the fish over one pound (0.45 kg.) in weight 
as compared with those under one pound in the 1935 spawning run. 


a pound (0.45 kg.) in weight was observed feeding on the chironomid pupae as 
they prepared to emerge, and specimens of the trout taken by fly-fishing had 
large quantities of the pupae in their stomachs. There was apparently a local ‘ 
concentration of trout feeding in the open surface water following the chironomid 
emergence as it proceeded up the lake. At the same time a fairly steady west 
wind was blowing each day, but it was very cold. On April 29 a strong west 
wind developed in the afternoon and continued to blow all the next day. This 
completely broke up the ice, leaving only a few sheets in sheltered bays along 
the southern shore. Apparently the fish that were feeding near the surface 
drifted toward the mouth of the creek, giving rise to a local concentration there. 
Some of them evidently came in contact with the creek current, which, owing to 
the temperature conditions as pointed out above, was flowing in near the surface. 
Approximately one-third of the immature fish taken in the trap were marked by 
the removal of the adipose fin and all were released on the downstream side of 
the fence, but none of the marked fish were trapped a second time. It was 
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concluded that the migration of the immature fish was probably due to the fact 
that they were schooled up with the mature fish of the same size and travelled 
up with them, but once they were disturbed at the counting fence they did 
not return. 

There is considerable evidence to suggest that the smaller fish feed in the 
lake up to the time of migration and continue to feed on insects and eggs while 
spawning is going on, whereas the larger mature fish feed but little in the spring. 
It seemed quite probable that this difference in feeding habits would account for 
the lack of larger mature fish in the local concentration of fish in the open water 
at the mouth of the creek immediately after the melting of the ice. The concen- 
tration of the smaller fish may have been due, on the other hand, to a drift to 
the eastern end of the lake under the influence of the wind-driven surface current; 
because the fish appear to be sluggish at temperatures below 5°C. they would 
have been drifted more or less automatically toward the mouth of the creek by 
a west wind. 

It is a fact well known to anglers that the larger fish come nearer the surface 
at dusk provided the surface water is not too warm. If the larger fish selected 
a deeper level partly as a result of a differential reaction to light and yet remain 
sluggish at the lower temperatures, a west wind would have drifted them toward 
the west end of the lake away from the creek in the deep, return current. A 
significant increase in the intensity of migration of the larger fish occurred on 
May 4 and 5, coinciding with a drop in the intensity of the migration of the 
smaller fish. On May 2 and 3 the creek and lake began to warm up above 5°C. 
and this slight rise may have induced the fish to react to the current stimuli 
and thus may have reversed the local concentrations. It is evident from figure 
8 that there is little correlation between the intensity of migration of the large 
and small fish. The data were treated by the chi-square method of analysis 
whence it was found that the small and large fish were drawn from independent 
populations. It seems quite probable that these two groups of fish have differen- 
tial preferences with regard to the stratum of the lake in which they choose to 
live, which may be due to light, temperature, food or other factors and that the 
currents of water set up by the wind serve to sort them out into separate ‘‘schools’”’ 
of small and large fish. The fact that these schools are not ‘‘pure’’ samples may 
be due to the random influx of straying individuals. 


THUNDERSTORMS 


One of the most noticeable effects on the intensity of migration was that 
of thunderstorms. Twice during the 1934-run and twice during the 1935-run 
thunderstorms occurred. In the interior of British Columbia a spell of bright, 
warm weather seems to build up the conditions necessary for electrical storms. 
The warm, bright weather also favours a high intensity of migration and under 
such conditions a sudden reduction in the number of fish taken in the trap is 
very noticeable. 


As shown in figure 3 and described previously, a thunderstorm on April 26, 
1934, was followed by only 10 per cent of the spawners left in the lake entering 
the trap as compared with 19.2 per cent on the previous day. The high intensity 
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was resumed on the following day. On May 17, when another thunderstorm 
occurred, the intensity was only 8 per cent, as compared with 20 and 18.5 per 
cent respectively on the preceding and succeeding days. 

The next year the migration had reached an intensity of about 21 per cent 
on May 22, a thunderstorm occurred the following day and the intensity dropped 
to about 9 per cent, but with cold weather following it did not recover for some 
days. On May 29 a light thunderstorm took place and the intensity was only 
17 per cent, as compared with 23 and 22 per cent respectively on the preceding 
and succeeding days. 

The foregoing data were treated statistically to find out if the observed 
decrease in the number of fish migrating on the days when thunderstorms 
occurred was significant. It was assumed for the purpose of the analysis that the 
run should continue at the same intensity from day to day unless it was actually 
affected by some factor such as thunder. The number of fish in the run the day 
before the storm was considered to be the control or the number expected on 
the basis of this hypothesis. By the chi-square method of analysis it was found 
that the number of fish entering the trap on the day of the thunderstorm was 
significantly lower in every case, indicating a real disturbance and not a chance 
fluctuation in the number of fish. 

Anglers have often reported that thunderstorms produce a marked effect 
on the movements of trout and upon the readiness with which they take a lure. 
Hatai, Kokubu and Abe 1932, have shown that catfish seemed to be placed 
under a physiological strain several hours prior to the occurrence of an earth- 
quake. These authors indicate that they suspect that electrical currents trans- 
mitted from the earth through the water have an influence on the fish. When 
a knock was transmitted to the aquarium in which.the fish were located they 
responded quickly by wild movements if an earthquake was imminent; if there 
was no earthquake during the few hours following the trial no response could 
be obtained. 

It may be possible that trout become sensitive in a similar manner owing 
to the disturbances in barometric pressure, electrical potential, or some other 
factor prior to the thunderstorms, and the earth vibrations that result from 
the discharges cause them to become panicky and to scatter. A similar reaction 
can be obtained, however, when the fish are in the creek simply by stamping 
the foot suddenly on the bank. In the case of the mature fish that are swimming 
against a certain current in the lake which is fairly restricted in its influence, 
or in the case of the fish that may be schooled up off the mouth of the creek, the 
vibrations alone may make them scatter. After being thus disturbed it takes 
them some time to find the current again or to become concentrated near the 
creek. 


CONCLUSIONS 

The fluctuations in the spawning runs of rainbow trout at Paul lake are 
obviously not determined entirely by chance, although there is reason to believe 
that some fish may locate the creek by swimming at random near the mouth, 
and by thus encountering the current may undertake the spawning migration. 
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Some factor or combination of factors in the environment undoubtedly plays an 
important part in determining the main fluctuations in the intensity of migration. 
Whatever these may be, they are definitely associated with the warming up of 
the water both in the lake and the creek during the first spell of bright, clear, 
“‘settled’’ weather in spring after the ice has left the lake. The fact that over 
one-fifth of the total number of spawners in the lake can on several successive 
days at such times find the mouth of the creek, which occupies only one-twenty- 
five-hundredth of the total shoreline of the lake, necessitates the hypothecation 
of some direction-determining agency controlling the movements of the fish in 
order to explain the phenomenon. 

All the evidence suggests that this agency is related to the complicated 
interaction of wind-driven lake currents, the stream current and temperature 
acting in a dual capacity, first in its effect on the fish themselves and secondly 
in its effect on the density of the water and through density on the linking up 
of the currents. The wind-driven lake currents appear to build up a local con- 
centration of fish at the east end of the lake near the mouth of the creek, and 
the size and age of the fish in this concentration seem to depend on the vertical 
distribution of light and temperature in the lake and the direction of the wind. 

There are undoubtedly other factors that affect the intensity of migration, 
such as the search for food, thunderstorms and even the disturbance caused by 
anglers fishing at the mouth of the creek. In a field experiment such as this it 
is a practical impossibility to sort out all of the contributing factors because of 
the lack of adequate controls, but it is possible to single out the more significant 
elements, such as those discussed above, for the purpose of future observations 
and possibly laboratory experiment. On the other hand to postulate a ‘“‘homing 
instinct’ on the part of the fish, whereby they are enabled in some mysterious 
way to return to the stream where they spent their early life, nullifies any chance 
to make observations that would help to unravel the complexity of the problem. 

The facts that great fluctuations in the intensity of migration are possible 
and that environmental factors may influence the composition of the run with 
respect to the size, age and sex of the fish suggest the necessity for caution in 
sampling from spawning runs. Sex ratios, age composition and other quantitative 
life-history data when taken from limited samples may therefore be open to 
considerable criticism. 


SUMMARY 


1. The spawning runs of rainbow trout at Paul creek were studied from 
1931 to 1936. The preliminary work showed that certain environmental factors 
exerted an influence on the intensity of migration and each run fluctuated in a 
characteristic daily and seasonal manner. 

2. The progress of the runs of 1934 and 1935 were followed in detail. Each 
run exhibited an early, a peak and a straggler phase which were found to be 
closely related to climatic factors. 

3. There was no reason to suspect that homing was a factor in the runs. 
The direction and force of the wind was an important consideration, for the 
highest intensity of migration was associated with westerly winds and the lowest 
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was related to calm days. This finding was interpreted as being related to the 
current systems set up in the lake. Temperature seemed to be involved also, 
both in its effect on the activity of the trout and in its effect on the density of 
the water. 

4. A pronounced difference in the intensity of migration of large and small 
fish was found. This was believed to be associated with a tendency for the large 
fish to live in the deeper levels of the lake where they would be affected by the 
deep, return currents, which would tend to distribute them in the opposite 
directions from mature fish in the surface currents. 

5. Thunderstorms were found to affect the intensity of migration. The 
indices dropped off significantly after such disturbances. 

6. The conclusion is reached that the fluctuations in the spawning runs of 
rainbow trout are the result of certain environmental conditions and that there 
must be some direction determining agency which enables them to find the 
mouth of the creek. This agency is evidently related to the complicated inter- 
action of wind-driven lake currents, the stream current and temperature 
acting directly on the fish and indirectly on the density of the water, and through 
density on the linking of lake and stream currents. 
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The Larval Development of Pandalus stenolepis 
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ABSTRACT 


The paper describes the first and second stage larvae of Pandalus stenolepis hatched and 
reared in the laboratory and later stages obtained from plankton collections. The first stage is 
less well developed than that of any other known British Columbian pandalid but more advanced 
than is normal for Caridea. 


From 1926 to 1930 the writer was at the Pacific Biological Station, Nanaimo, 
British Columbia, studying the life histories of the commercially valuable 
pandalids of British Columbia. These were Pandalus danae, P. borealis, P. 
platyceros, P. hypsinotus and Pandalopsis dispar. In the course of this work a 
number of plankton tows were taken to obtain the larvae of the species studied 
and, incidentally, some larvae were caught that obviously belonged to other 
pandalids. In particular there were a number of larvae which seemed to belong 
to one series. There are three species of Pandalus on this coast that are too 
rare or small to be of commercial value, and, for various reasons, this series was 
believed to belong to one of these, Pandalus stenolepis Rathbun. This species 
very closely resembles P. danae but is particularly distinguished (Rathbun 1904) 
by having a more slender antennal scale with the terminal half of the blade 
narrower than the adjacent thickened portion. Also the tip of the rostrum is 
usually bifid though sometimes trifid. When alive an adult P. stenolepis is 
similar in colour to P. danae, but is easily recognized by a series of small, bright 
blue spots on the dorsal surface. 

A year or two later Dr. J. F. L. Hart was studying the larval development 
of some of the crabs in the same district and at the writer’s request she hatched 
out some Pandalus stenolepis larvae and even managed to carry some through 
to the second stage. She also made colour notes on the first stage. It was now 
certain that the above series belonged to P. stenolepis and the writer is very 
grateful to Dr. Hart. 

The following descriptions, then, are of first and second stage larvae as 
hatched and reared in the laboratory and of second to seventh stage larvae as 
taken in the plankton. The illustrations of complete larvae are all drawn to the 
same scale and so are comparable. 

The author has already published (Berkeley 1930) a full account of the larval 
development of the five commercially valuable pandalids. It will be convenient 
to refer frequently to this paper when describing the larvae of P. stenolepis. 
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DESCRIPTIONS 
First STAGE (Fig. 1, A-L) 

In general the larva is transparent with orange-red chromatophores. There 
is a small chromatophore at the base of each antenna and on the ventral side 
of the eyestalk. About the mouth and internal organs and on the dorsal part 
of the carapace there is some general red colour. The maxillipeds have two or 
three large chromatophores on the endopodites and some small ones on the 
exopodites. There is a large red chromatophore on the dorsal surface of each 
abdominal segment and at the base of the telson, as well as lateral chromatophores 
on the third and fourth abdominal segments. 

The larva is about 5 mm. or a little less in length. It resembles the first 
stage of Pandalus platyceros in having the lateral margins of the carapace ex- 
panded and fringed with denticles. The posterior edges of the first to the fifth 
abdominal segments are also fringed with denticles and more or less expanded. 
The rostrum is about the same length as the carapace, slender, without denticles 
and projecting slightly upwards. The eyes are immobile. 

The antennule (fig. 1, C) is similar to that of Pandalus danae except that 
there is no little projection at the base of the long plumose seta representing the 
inner flagellum. The antenna (fig. 1, D) has an undivided basal portion and a 
scale with nine plumose and three simple setae. The flagellum is a little longer 
than the scale and is merely an undivided spiniform process bearing a number 
of short simple setae near the tip. 

The incisor processes of both mandibles (fig. 1, E) bear three teeth. The left 
mandible also has two small teeth between the incisor and molar processes. The 
coxopodite of the first maxilla (fig. 1, F) is tipped with three simple and two 
plumose setae. The basipodite has six short,-stout spines. The endopodite has 
three plumose and two simple setae. The second maxilla (fig. 1, G) resembles 
that of a first stage P. borealis except that the exopodite bears five large setae, 
four plumose and one simple. The mavxillipeds (fig. 1, H, I, J) differ from those 
of P. danae or P. borealis only in having fewer setae on the exopodites. The 
pereiopods are even simpler than those of P. borealis since there is no sign of a 
joint. The first (fig. 1, K) second and third are biramous curved bars; the fourth 
and fifth are similar but uniramous. 

There are no pleopods on the abdomen. The f#elson (fig. 1, L) is not distinct 
from the sixth segment and bears fourteen plumose setae. 


SECOND STAGE (Fig. 1, M) 

The larva is about 6 mm. long. There is a supra-ocular spine over each eye 
and the carapace still has large lateral expansions. The rostrum has 4 to 5 dorsal 
spines. The compound eyes are stalked. The inner flagellum of the antennule 
is now represented by a short joint bearing three plumose setae. The squame 
of the antenna now has 17 or 18 long plumose setae and the flagellum has a few 
more short setae but is still unjointed. 

The right mandible has two tiny teeth between the main processes. The 
exopodite of the second maxilla is larger, bears 10 plumose setae and has a slight 
proximal expansion. The mavxillipeds have only changed in being larger and in 
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FicurE 1. Pandalus stenolepis, first, second and third stage larvae. A, first stage larva, lateral 






view; B, same, dorsal view; C, same, antennule; D, same, antenna; E, same, mandibles; 
F, G, same, first and second maxillae respectively; H, IJ, J, same, first, second and third 
maxillipeds respectively; K, same, first pereiopod; L, same, telson; M, second stage larva, 
lateral view; N, third stage larva, lateral view. 
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having a few more setae. The first pereiopod has an endopodite with two joints 
and a few setae but the exopodite is still a bare curved bar. The second to fifth 
pereiopods are slightly larger but essentially as in the first stage and much less 
developed than in any other second stage Pandalus larva. 


The telson bears 16 plumose setae and is still indistinctly divided from the 
sixth segment. 


TutRD STAGE (Fig. 1, N) 


The larva is about 8 mm. long and much better developed than the second 
stage. The rostrum has 8 to 9 dorsal and 2 ventral spines. The base of the 
antennule has three joints, but the rami have merely enlarged. The squame 
of the antenna has about 28 setae and the flagellum has two little joints at the 
base and almost no setae. 

The exopodite of the second maxilla has a proximal expansion reaching 
below the bottom of the appendage and is well fringed with plumose and simple 
setae. The epipodite of the first maxilliped is now bilobed and the joints of the 
endopodite are quite distinct. The endopodite of the second maxilliped also has 
distinct joints. 

The pereiopods are all much more fully developed. The endopodite of the 
first pereiopod has four distinct joints, the joint between the first and second 
segments being still indistinct. The exopodite ‘is fringed with plumose setae. 
In the endopodite of the second pereiopod a slight extension of the fourth joint 
marks the beginning of a claw and there is a distinct joint between the first two 
segments. The third pereiopod has an essentially adult endopodite and an 
exopodite fringed with plumose setae. The fourth and fifth pereiopods resemble 
the third but have no exopodites: 

The abdominal segments are still somewhat expanded and fringed with 
denticles, but the denticles are smaller. Epimeral plates are developing. Buds 
of pleopods have appeared which are slightly cleft but without distinct rami. 
The uropods of the tail fan are free and fringed with plumose setae and the telson 
has five pairs of spines on the end and three pairs of small spines up the sides. 
The whole tail fan resembles that of a third stage P. danae. 


FouRTH STAGE (Fig. 2, A) 


The larva is about 9 mm. long. It mainly differs from the third stage in 
being a little larger and having better developed pleopods. The rostrum has 
10 to 12 dorsal and 4 ventral spines. The carapace still has slight lateral ex- 
pansions with very small fringing denticles. The mandibles have a few more 
tiny teeth between the processes. The epipodite of the first maxilliped has 
enlarged slightly. The endopodite of the second maxilliped (fig. 2, C) is thicken- 
ing and the epipodite has appeared as a bud on the protopodite. 

The pereiopods are not much changed, but there is now a gill (pleurobranchia) 
at the base of each. 

The dorsal and lateral expansions have almost disappeared from the abdomen 


and the fringing denticles are very small. The pleopods (fig. 2, B) are biramous 
but without joints or setae. 
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FicurE 2. Pandalus stenolepis, fourth, fifth and sixth stage larvae. A, fourth stage larva, 
lateral view; B, same, third pleopod; C, same, second maxilliped; D, fifth stage larva, 
lateral view; E, same, first maxilliped; F, same, tip of second pereiopod; G, sixth stage 
larva, lateral view; H, same, tip of telson; J, same, third pleopod. 











FIFTH STAGE (Fig. 2, D) 
* The length is about 12 mm. The carapace has hardly changed. The 
flagellum of the antenna is longer and jointed throughout its length. The 
bilobed epipodite of the first maxilliped (fig. 2, E) now reaches some distance 
below the bottom of the appendage. The endopodite of the second maxilliped 
is quite thick and beginning to bend at the tip. In the third maxilliped the first 
and second segments of the endopodite have fused and the bud of the mastigo- 
branchia has appeared. 
There is a definite claw (fig. 2, F) at the tip of the second pereiopod. Each 
pereiopod except the fifth has a rudimentary mastigobranchia on the protopodite. 
There are no expansions or denticles on the first two segments of the ab- 
domen, but the third, fourth and fifth segments are still slightly fringed with 
denticles. The pleopods are jointed and slightly setose but without appendices 
internae. The telson has almost parallel sides and resembles that of a sixth 
stage P. borealis except that the side spines are not all so near the tip. 


SixtH STAGE (Fig. 2, G) 

Only one specimen of this stage was taken but it was in good condition. 
It was about 14 mm. long. The rostrum has 10 dorsal and 5 ventral spines. 
There is no trace of expansions or denticles on carapace or abdomen. The 
antennule has six groups of “‘olfactory’’ setae. The flagellum of the antenna is 
much longer and jointed throughout its length. 

The mastigobranchiae on the third maxilliped and first four pereiopods are 
small curved bars bearing a few setae. The pleurobranchiae at the bases of all 
the pereiopods are almost adult in shape. The left second pereiopod is now 
distinctly longer than the right, but the endopodite still has only five joints. 

The pleopods (fig. 2, 1) are well developed with appendices internae present 
on the second to the fifth. The inner ramus of the first pleopod is much smaller 
than the outer. The ¢elson (fig. 2, H) resembles that of a sixth stage P. borealis 
with five pairs of stout, slightly plumose, terminal spines. 


SEVENTH, POST-LARVAL STAGE 

This larva, of which one specimen was taken, is not much larger than the 
sixth stage but is much more developed. It resembles the sixth stage of P. danae 
except that the pleopods are more nearly adult. The appendages of an adult 
P. stenolepis closely resemble those of an adult P. danae as previously described 
(Berkeley 1930). Therefore when, in the following description, an appendage 
is said to be “‘adult’’ in shape it can be compared with the previous descriptions 
of P. danae appendages. 

The carapace lacks supra-orbital spines. The rostrum is essentially adult. 
It has 11 spines above and 6 below with a trifid tip. The spines are not yet 
movable. The antennule is still larval in character. There is a slender tip on 
the outer flagellum but neither flagellum is distinctly jointed. The mandibles 
are practically adult in shape with jointed palps. The mavxillae are almost adult. 
The first maxilliped is approaching adult shape, but the exopodite is not jointed 
nor the basipodite as well developed. The second maxilliped is almost adult 
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except that it has only the bud of a podobranchia. The third maxilliped still 
has a remnant of the exopodite, but buds of the two arthrobranchiae have 
appeared. The bud of an arthrobranchia is present on each of the first, second, 
third and fourth pereiopods. The exopodites on the first three pereiopods are 
now reduced to mere remnants. The two second pereiopods are approaching 
adult shape, but are still not as long in proportion to the body, nor with as many 
subdivisions of the carpopodite. 

The shape of the abdomen is essentially adult, as are the pleopods. Although 
the rest of the larva was in good condition, the tip of the telson was broken. 


DISCUSSION 


The first stage larva of Pandalus stenolepis is more primitive than that of 
any of the other known British Columbian pandalids in that the pereiopods are 
less well developed than even in P. borealis. But buds of pereiopods are present, 
whereas most Caridea have no trace of pereiopods on hatching. As in the other 
pandalids the antennal scale is unjointed, whereas in most Caridea it is jointed 
at hatching. In some other ways such as the development of the antennal 
flagellum, the number of spines on the telson and the absence of gills or pleopods, 
the first stage of P. stenolepis resembles that of P. borealis and is fairly normal in 
comparison to other Caridea. It has previously been shown that British Col- 
umbian pandalids tend to be much farther developed when they hatch than is 
normal for Caridea. Apparently P. stenolepis shares this tendency. 

In the later development of the pereiopods P. stenolepis is even more primitive 
than P. borealis in that they are not segmented until the third stage, whereas in 
P. borealis they are all segmented in the second stage. But, in this respect, 
P. stenolepis is still more advanced than the two Atlantic pandalids, whose 
development has been described. Sars (1900) figures Pandalus montagui at the 
third and Pandalina brevirostris at the third or fourth stage of development. 
In the former the last two and in the latter the last pereiopod may be seen to be 
quite unsegmented. 

P. stenolepis seems to have six true larval stages before ceasing to swim 
with the thoracic appendages, becoming essentially adult in many respects but 
not all, and so reaching what is often known as the ‘“‘post-larval’’ stage. Appar- 
ently there is some association between the development at hatching and the 
number of larval stages. Pandalopsis dispar and Pandalus platyceros are the 
two farthest developed at hatching and quite probably reach post-larval develop- 
ment at the fifth stage, though it may be the sixth. Pandalus danae is the next 
best developed at hatching and certainly usually reaches post-larval development 
at the sixth stage, but may sometimes do so at the fifth. Pandalus borealis and 
Pandalus stenolepis are the least well developed at hatching and appear not to 
reach post-larval development until the seventh stage. 

In one important respect the larvae of P. stenolepis agree with all other 
species of pandalids so far described. The last two pereiopods are without 
exopodites. As the writer said in 1930, “if further work shows this to be true 
for the whole family it may serve as a useful character when deciding the correct 
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classification of unknown larvae found in the plankton and would exclude many 
of the larvae that have tentatively been assigned to Pandalidae.”’ 
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ABSTRACT 


Salmon related to various rivers of eastern Canada were tagged and liberated after spawning, 
by the Department of Fisheries in various years from 1913 to 1936. Analysis of the recaptures 
shows varied movements, the differences from river to river and for the one river from year to 
year being seen as due to differences in the environment. | When liberated in or even outside the 
estuary, they may enter and ascend the river while still in the kelt condition, if suitable freshets 
occur, 

As kelts and as clean fish in both first and second years after liberation, they are principally 
found in the estuary, distinctly more riverward than the virgin fish. However, when swept out 
of the estuary, as occurs in a river like the Margaree and, if return is difficult, their distribution 
will differ but little from that of the virgin fish. 

A pronounced zone of river influence in the sea is seen as holding the salmon to the locality 
near the river mouth, as for the Saint John river of New Brunswick. With an indistinct zone, 
more or less of the salmon wander to other regions, largely in correspondence with water 
movements. 

The length of time between successive spawnings is found to correspond with the time 
between the smolt stage and first spawning and to be related to sea temperature during the spring 
and summer. 


The movements of salmon in the sea have been very largely a matter of 
speculation with a paucity of facts. The problem can perhaps be best attacked 
by taking all the pertinent available facts for an area and attempting to discover 
any order there may be in the movements of the salmon and any relation the 
movements may have to other phenomena. Precise data on the movements are 
obtained by attaching numbered tags to individual salmon and liberating them. 
On recapture, the particular fish is known to have moved from the place of 
liberation to the place of recapture between specific dates. Rather extensive 
experiments are in progress on both sides of the Atlantic in the tagging of salmon 
as captured in the sea in condition for return to fresh water. The converse is 
to tag kelts, that is salmon that have spawned and are ready for return to the 
sea. As the proportion of such salmon recaptured is small (1 to 7 per cent), 
rather larger numbers must be tagged. 

Mr. J. A. Rodd, the Director of Fish Culture for Canada, has had the kelts 
of Atlantic salmon tagged after spawning and then liberated, in various years, 
starting in 1913. The records of this tagging and of the resulting recaptures 
of the tagged fish have been made available to me for study. For the most 
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part they have been published in the Annual Reports of the Department of 
Fisheries, for the various years (Rodd 1924, 1926, 1927, 1931 to 1937). The 
tag used has been of silver and attached to the dorsal fin (see J. Conseil 9, p. 131, 
1932). Starting in 1918, scale samples were taken from the salmon when they 
were tagged, and an effort made to secure samples from the fish when recaptured. 
This material has been kindly made available to me for study and has been of 
great assistance in following the changes in individual fish, and in checking 
doubtful records. 

A general analysis of the results to that date was made in 1931 (Huntsman 
1931, pp. 78 to 92). Chief attention was then given to ‘‘spreading and straying”’, 
and frequency of spawning. 


THE SAINT JOHN RIVER 


This river drains a large part of New Brunswick and empties into the bay 
of Fundy. Salmon are taken from weirs in Saint John harbour during the 
period from late May to early August and held till spawning time in the lower 
part of a stream emptying into the neighbouring Courtenay bay. The fish 
were tagged in early November in each year and liberated in this bay. From 
50 to 196 kelts were so handled in each year from 1913 to 1924, and 806 in 1930, 
making 2,021 in all. Of these, 47 recaptures were reported, but several with 
insufficient data. The places of recapture have been grouped into regions as’ 
follows (see figure 1). The Tobique river provides the principal angling, and is 
under lease to angling clubs. It lies in northern New Brunswick and is the chief 
branch of the Saint John. The Saint John river proper, extends from the head 
of tide near Fredericton to Grand Falls, a distance of about 125 miles (1 mile 
equals 1.60 kilometres). Fixed.nets have been operated along it and some 
angling isdone. The Saint John estuary is taken as extending from the reversing 
falls near Saint John city to the head of tide near Fredericton, a distance of 
about 80 miles. Salmon are caught in fixed nets during the summer, and 
occasional ones are taken in net-fishing for bass in winter through the ice, In 
addition to the main channel, there are long offshoots to the east, known as 
Kennebecasis bay, Belle Isle bay, and Washademoak lake. . The tidal rise and 
fall is small, the extensive estuary serving chiefly as a reservoir in which the 
fresh water collects for slow discharge through the narrow exit at the reversing 
falls. The Saint John harbour is at the city of Saint John and is about 3 miles 
long. Salmon are taken in weirs and in drift nets. The Bay of Fundy receives 
the water from the Saint John river, which water can be traced in a more or 
less distinct band about 10 miles wide, extending to the southwest parallel to 
the coast a distance of about 35 miles. The salmon are taken with drift nets in 
this band, only occasional ones being captured in the weirs along shore or by 
other fishing gear such as hand and set lines. 

The numbers of salmon recaptured in the various regions during successive 
periods in the two years following liberation are given in table I. Although 
liberated in Courtenay bay at the mouth of Saint John harbour, two (both 
females) of the tagged fish were taken after a month and a half in the outlet of 
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Washademoak lake 40 miles up the estuary. Two (both males) were still in 
the kelt condition, one in the estuary and the other in the river 10 miles above 
the head of tide as late as early June of the following spring. Five kelts, both 
males and females, were taken in the estuary in April. 


Ficure 1. Saint Johnriver, N.B. Left (A), names of regions, place of liberation of kelts (double 
circle), and places of recapture as kelts in first year (plain circle), as clean fish in first year 
(solid circle), as clean fish 4n second year (solid square). Right (B), distribution of catch 
of salmon by nets in 1937, each dot representing 13 cwt. (590 kg.). 


The earliest clean fish recaptured was 20 miles up the estuary on June 12, 
but only about a quarter of the clean fish recaptured were taken the year after 
liberation. With the exception of the one mentioned they were taken rather 
late in the season,—July in the Harbour, July and August in the Estuary, and 
July, August and September in the River. None were reported from the 
Tobique, and of the four reported from the river not one was taken more than a 
few miles above Fredericton, practically the same upriver distribution as those 
that were Still kelts. Of the ten clean fish (none of them females) recaptured in 
the first year, the scales from six have been available for examination, from 
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harbour, estuary and river. In all of these the new growth consists of only 
6 to 9 circuli, about half the number found in those taken in the second year. 
Also there fails to be the zone of narrow circuli at the margin, which is found in 
those of the second year. One of these was taken from the harbour for hatchery 
operations and presumably yielded eggs, so that in spite of the limited growth 
they were evidently maturing sexually. 

The clean fish recaptured during the second year after liberation (23 females 
and 5 males) were taken decidedly earlier in the season,—May and June in the 
Harbour, June and July in the Estuary, May, June and July in the River, and 
June and July in the Tobique. It is noteworthy that five were taken in the 
River in May, but none in the Estuary, during that month. This corresponds 
with the general experience that in the spring, toward the end of May, salmon 
become available first at two different points over 80 miles apart,—the Harbour 
and near the head of tide at Fredericton. Their appearance at the latter point 
is explained by the fact that fair numbers of very fat bright salmon, the so-called 
“winter” fish, enter the estuary in November and December, remain in its 
deeper parts throughout the winter and start to move farther up when the 
water warms in the spring. Most of these are virgin fish averaging 8 or 9 lb. 
(3% to 4 kg.) in weight, but a few are larger fish that have previously spawned. 

All of those in their second year after liberation, as far as samples of the 
scales were available, showed similar new growth on the scales;—a broad zone 
of rather widely-spaced circuli with a narrow zone of closely placed circuli at 
the margin. Sometimes several of the innermost of the new circuli were close 
together and sometimes several of the outermost circuli were rather far apart, 
suggesting a short period of slow growth at first and a short period of rapid 
growth at the last. . 

Only two recaptures were made in the Bay, and these in June and July. 
These are the months when most salmon are taken in this region by the drift 
nets. As is shown in table I, for 1937 the commercial catch of salmon (nearly 
all virgins) decreases from the Bay to the River, the exact reverse of the re- 
captures of the tagged fish, which had previously spawned. The conclusion 
seems necessary that these larger fish are farther in the system than the ordinary 
salmon (figure 1). The smaller salmon are too small to be taken in the drift 
nets but may be caught in the weirs. It is interesting that the smallest, those 
in their first year in the sea, and weighing about a pound (0.45 kg.), are taken 
rather regularly in September, sometimes in considerable quantities in the weirs 
along shore toward the outer end of the band of Saint John water (S in figure 1). 
Their distribution is thus far out in the system, the exact reverse of that of the 
large fish. 


It should be noted that in correspondence with the marked and steady river 
influence out in the bay, none of the tagged fish were recaptured outside the 
Saint John area (figure 1). This is in agreement with the definite limitation 
seaward of the distribution of the salmon as shown by various types of fishing 


gear, none but a few of the smallest being known to occur as far as Grand Manan, 
at the mouth of the bay. 
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TABLE I. Saint John. Net catches of salmon and recaptures of tagged fish in the differen: 


regions. Also recaptures in the various months of first and second vears after liberation. 


Saint John 


Tobique —— — — Bay 
River Estuary Harbour 
Net catches 1937 (cwt. 0 109 495 1,717 2,422 
Recaptures aed Sid 4 19 15 6 2 
Month 
December ; ; 2 kelt 
ae ; , 5 kelt 
May... . ; : 0 0 0 0 0 
June Sak NaN 0 1 kelt 1 kelt 0 0 
Tl sw 

July ‘ats Piekeate 0 1 i, 2 0 
August. at eee 0 1 is | 0 
September Sure | 1 
May baci taeaees 0 D 0 ] 0 
June 2 8 3 2 ] 
July Sere lea hiss cai eae 2 2 ] 0 0 
August...... a 0 0 0 0 1 


THE APPLE RIVER 


There are really two streams, the East and South branches, whose estuaries 
join to form a common one, which discharges into Chignecto bay at the head 
of the bay of Fundy. While carrying through an experiment in the planting 
of Restigouche salmon fry in this river, Mr. H. C. White tagged and liberated 
162 adult salmon in the South branch and 73 in the East branch around spawning 
time in 1931, 1932, 1934 and 1935. There were exclusive of those retaken in 
the same stream the same season, 21 recaptures (see table II, and White 1936, 
for details of the results). Of these 19 were in the estuary or in the two streams: 
one in the same stream during the following winter in February; three in the 
common estuary in late July or early August of the following summer; seven in 
the same streams as where tagged, being taken when re-entering in September, 
October and November of the following year; two in the same stream in the fall 
of both first and second years, being retaken twice; one in the East branch nine 
days after being liberated in the South branch; two in the South branch in the 
following year after being liberated in the East branch; and one in the same 
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branch in the fall of the second year, but without being taken in the intervening 
year although with evidence in its scales of having spawned that year. 

Whether the last mentioned escaped capture when entering one or other 
branch, or entered some distant river in the intervening year, cannot be known. 
Another fish, which also failed to be taken in the intervening year, was retaken 
in July of the second year near Cape d’Or on the north shore of Minas cha rel 
(figure 2). There are intervening rivers which salmon enter and which may 
have been entered by these two fishes. 

In contrast with the Saint John, the Apple river must have a very slight 
and variable influence at sea. In correspondence with this, some of its salmon 
stray widely, not only as shown by the capture of one at Cape d'Or, but by 





Ficure 2. Apple river, N.S. Place of liberation (double circle) of spawners or kelts at Apple 
river, and places of the two distant recaptures in first year (solid circle) off Lorneville, 
N.B., and in second year (solid square), near Cape d’Or, N.S. 


another from the East branch which was retaken at the end of July of the 
following year off Lorneville, N.B., in the Saint John outflow (figure 2). In 
contrast to this, the Saint John, with more than eight times as many kelts tagged, 
gave no recaptures outside the zone of river influence. 

There are no weirs or nets operated on the outside coast; consequently the 
recaptures could occur only in the estuary where nets are used, and in the river 
where seining and trapping was done by Mr. White. As shown in table II, the 
recaptures reveal that the salmon are in the river in the kelt condition during 
the winter, are in the estuary in July and August of the following summer, and 
enter the river in September, October and November. 

According to Mr. White, the Apple river salmon occur in the sea not only 
in the outer part of the estuary but also on the outside coast from the mouth 
southward to cape Chignecto. Some were taken a mile or so to the north in a 
weir near Apple head, which was operated in 1931 (White 1932). They are to 
be seen from June on, but do not extend to the inner parts of the estuary until 
August. 





TaBLe II. Apple river, Recaptures of tagged salmon in the various regions in the various 
months after liberation. Rep. signifies a salmon spawning a second time after being tagged. 





same Minas (Saint John 
Month branch branch Estuary channel water | 


November............. 1 kelt 


| September.............1 
See ere: 
November.......... 

| July 
October 








It seems probable that, as Mr. White concludes, the Apple river salmon 
remain within a few miles of the river mouth. The two distant recaptures 
should doubtless be regarded as strays. 

The Apple river salmon nearly all spawn as grilse and yearly thereafter. 
Eleven recaptures were made as the fish entered the river in a year’s time, and 
the three that entered after two years had spawned in the intervening year 
(table II). Restigouche salmon planted in Apple river behave like the local 
fish, nearly all spawning as grilse (White and Huntsman 1938). It would 
appear, therefore, that the frequent spawning is due to the local conditions. 


THE ANNAPOLIS RIVER 


This river of western Nova Scotia empties into the bay of Fundy. Salmon 
for hatchery purposes are trapped from May to November at the head of a 
fishway at Nictaux falls on the Nictaux river, a tributary of the Annapolis. 
They are held in the power canal and power pond until spawning time. The 
tagged kelts have been liberated in the Nictaux river from late October until 
early December. From 76 to 261 of these were liberated in each of the years 
1931 to 1934 and in 1936, the total number being 734 (Rodd 1932 to 1935, 1937). 
The recaptures (Rodd 1933 to 1936) from the 642 fish of the first four years have 
numbered 29 and no more are to be expected. For 1936, however, recaptures 
from only the first year after tagging are as yet available. 

The places of recapture have been grouped into regions as follows. The 
Nictaux river has public angling and the hatchery trap at the fishway. The 
Annapolis river proper extending down to the head of tide at Paradise has public 
angling. The Annapolis estuary has soft mud banks and strong tidal currents. 
Salmon are taken in fixed nets stretched part way across the river. The 
Annapolis basin, with fully salt water, has weirs for the capture of herring of all 
sizes down to brit. The outside coast outside the bay of Fundy has had an 
irregular salmon fishery using fixed gill nets, the principal place being Gulliver 





103 


cove, nine miles southwest of the mouth of the basin. Herring weirs occur 
farther out, chiefly in St. Mary bay at the mouth of the bay of Fundy. Farther 
oceanward in the vicinity of Yarmouth there are floating mackerel traps, which 
take a fair number of salmon. The east coast of Newfoundland has varied fishing 
with nets, including a late fall fishery for salmon. The outer Labrador coast 
has a summer commercial net fishery. 

In figure 3 may be seen the place of liberation of the kelts and the four 
nearby regions, in which have been indicated the recaptures made therein. The 
three distant regions with the recaptures made in them and as well the place of 
liberation are shown in figure 4. The numbers of salmon recaptured in the 
various regions during successive periods following liberation are given in 


table III. 


TABLE III. Annapolis. Recaptures of tagged salmon in the various regions in the various 
months of the first and second years after liberation. 
| i 
| . 
Annapolis 
Outer New- 


Nictaux | River Estuary | Basin coast foundland | Labrador | 





1 kelt 0 











| November 





December 








Although liberated far up the river system at Nictaux falls, none of the 
kelts were reported from the river or the estuary, either the same fall or winter, 
or during the following spring or summer, as occurred in the Saint John. The 
only one recaptured in the kelt condition was in the basin in May of the following 
spring. 

There was a similar absence of recaptures of clean fish in the river the first 
summer, but two were taken on the outer coast in the mackerel traps near 
Yarmouth in June and July. Even the recapture in the basin is much farther 
to sea than any Saint John recapture for the same period, while the Yarmouth 
records are considerably farther out than any made at any time for the Saint 
John. 

Still more remarkable is the recapture of 9 of these Annapolis fish on the 
east coast of Newfoundland in November and December of the year following 
liberation, the only tagged salmon from our various rivers to be taken in the 
late fall or early winter fishery of that coast. They were taken in three different 





Ficure 3. Annapolis river, N.S. Lower, place of liberation (double circle) of kelts at Nictaux 
falls on the Nictaux river, and places of recapture as kelt (plain circle) in Annapolis basin, 
and as clean fish in second year (solid square) in the Annapolis and Nictaux rivers. Upper, 
names of regions, and distribution of catch of salmon by nets, each dot representing 8 cwt. 
(363 kg.), the average being taken for the years 1897 to 1904, for which years there are 
details for the various localities. 
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years and in Conception, Bonavista and Notre Dame bays, an extent of coast 
of about 200 miles. 

The clean fish recaptured during the second year after liberation were, with 
one exception, all taken in the river system, and very early in the season. The 
only one for the estuary was taken on May 13 and even in the Nictaux, where 


Figure 4. Annapolis river, N.S., distant recaptures of salmon. Place of liberation (double 
circle) of kelts in the Annapolis region, and places of recapture the following summer (solid 
circle) near Yarmouth, N.S., the following autumn (solid circle) on the east coast of 
Newfoundland, in the second summer (solid square) on the Labrador coast near Hudson 
strait, and in the third summer (solid triangle) on the south coast of Newfoundland. 


eighty per cent of them were captured, there were none after June. This is an 
earlier and even more pronounced up-river distribution than in the Saint 
John. 

The exceptional salmon (Rodd 1935, p. 42) was taken in June of the second 
year at Ramah in northern Labrador around 1,900 miles from the Annapolis. 
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Like one of the east Newfoundland fish, its reported weight was not much 
greater than when it was liberated after stripping, while all the other east 
Newfoundland fish, as well as those taken in the river in the second year, had 
nearly or more than doubled their weights. 

One fish was recaptured on the south coast of Newfoundland in the third 
year after liberation, but it may well have spawned in the meantime. 

Taking the view of the salmon making an extended migration in the ocean, 
and ignoring the Labrador recapture, the facts could be interpreted as showing a 
migration out of the basin the spring following liberation and around the western 
end of Nova Scotia to the east coast of Newfoundland by late autumn, with 
return to the river by the next May. That some go to Newfoundland is 
demonstrated, but it may be doubted whether any return, particularly in view 
of the behaviour shown by the Saint John and Apple river salmon. The 
Labrador record may be considered as showing that such fish would be even 
farther away by the time those returning to the river are all up the Nictaux, 
and it may well be that those re-entering the river have never left the basin. 

Figure 3 shows that the commercial catch has a very different distribution 
from that of the recaptured tagged salmon. As far as the inner waters are 
concerned, the salmon taken commercially, that is the virgin fish, are chiefly in 
the estuary, while the tagged fish were retaken chiefly up the Nictaux,—only 
one in the estuary. In the outer waters there is a fishery west of Digby gut, 
which must surely depend upon Annapolis salmon, since it is close to the mouth 
of the basin and isolated from other fisheries. If this interpretation is correct, 
some at least of the Annapolis salmon in outer waters are not by any means so 
far away as the tagged fish, that were caught near Yarmouth, and chiefly along 
the east coast of Newfoundland. The commercial catch is in two distinct areas, 
rather widely separated from each other,—the estuary and the outer coast west 
from the mouth of the basin. The recaptures of tagged fish are also in two 
principal areas very widely separated from each other,—the Nictaux river and 
the east coast of Newfoundland. 

It is noteworthy that all the Annapolis fish recaptured in the estuary or 
river were taken in the second year after liberation. This corresponds with the 
fact that practically all the virgin fish have been two years in salt water, only 
an occasional grilse being taken in the hatchery trap (in 1932 there were 3 grilse 
in a total of 164 fish). This very distinct contrast with the Apple river, whose 
salmon practically all spawn the first time as grilse, and yearly thereafter, should 
be noted. 


YARMOUTH 


In 1929 and 1930, salmon were taken for hatchery purposes from the 
floating mackerel traps near Yarmouth and held till spawning time in Allen 
lake. In these years 239 of the fish were liberated as kelts from October to 
December (Rodd 1930, p. 44 and 1931, p. 42). Only two of these were reported 
as recaptured (figure 5), both as clean fish in the year following liberation, one 
on April 2 in Salmon river to the west and the other on June 27 in Mersey river 
to the east (Rodd 1932, p. 32). Neither had made much increase in weight. 
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As virgin fish these had been taken from the traps, where two of the Annapolis 
salmon, tagged as kelts, were recaptured. It is not known from what river or 
rivers they had come nor to what river or rivers they would have gone. In 
1925 (Rodd 1926, pp. 25 and 27) 25 of these salmon from a trap at Port Maitland 
were tagged and liberated in June. One was recaptured at the same place after 
10 days, another at Musquodoboit, about 200 miles eastward along the south 
shore of Nova Scotia, after 25 days, and a third at the Moisie river on the north 
shore of the gulf of St. Lawrence, a distance of around 800 miles, after 42 days. 


These and the records of recaptures of those tagged as kelts are shown in 
figure 5. 


Figure 5. Yarmouth, N.S. Place of liberation (double circle) of kelts at Allen lake, N.S., and 
places of recapture as clean fish in first year (solid circle) in Salmon river, Digby county, 
N.S., and in Mersey river, N.S. Movements of virgin fish from place of liberation at 
Port Maitland, N.S., are also shown, to Musquodoboit, N.S.,and beyond to the east (Moisie 
river in the gulf of St. Lawrence). 


No order is apparent in these results, and much more tagging is desirable. 
As kelts they seemed to show a relation to rivers of western Nova Scotia, but 
as virgin fish they travelled to eastern Nova Scotia and the gulf of St. Lawrence. 
Although on the route between the Annapolis river and eastern Newfoundland 
and where some Annapolis kelts are taken, these fish failed to show either a 
movement to Newfoundland like the Annapolis fish, or a movement into the 
bay of Fundy, as would be expected if the Annapolis fish returned. Like the 
Annapolis fish, however, the extended movement shown was east, whether of 
virgins or of kelts. 


SACKVILLE RIVER 


This river is a comparatively small one, and empties into Bedford basin, 
the entrance to which forms the harbour of Halifax, N.S. The Bedford hatchery 
is situated at the mouth of this river and in recent years salmon have been 
trapped for hatchery purposes at the fishway immediately above the hatchery 
during late summer and fall. In 1932, 1933, 1934 and 1936 from 54 to 150 
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kelts were tagged and liberated each year in November, the total being 398 
(Rodd 1933, 1934, 1935 and 1937). Of these there have been 26 recaptures 
reported (Rodd 1934, p. 38; 1935, p. 42; 1936, p. 41). The regions of recapture 
are as follows. The Sackville river has the trap as indicated. The estuary has 
several salmon traps, Bedford basin and Halifax harbour serve to connect the 
estuary with the open Atlantic, and are without salmon nets. 

The neighbouring coast has nets and traps of various kinds. 

Eastern Nova Scotia has a variety of salmon traps and nets. The south 
coast of Newfoundland has shore nets and a drift-net fishery near Port-aux- 
Basques. 

In the lower part of figure 6 are shown the regions and the localities of 
recapture in the vicinity of the place of liberation, which is also indicated. In 
the upper part the more distant localities may be seen. Table IV gives the 
numbers taken in the various regions in successive periods of time after 
liberation. 

One of the fish was retaken at the river mouth on May 1 of the following 
spring and another on May 26 near Herring cove on the neighbouring coast, 
both still in the kelt condition and less in weight than when liberated. 


TaBLe IV. Sackville. Recaptures of tagged fish in the various regions in the various months 
of first and second years after liberation. 


Outside 
Month | River Estuary Basin coast Distant 


May 


1 kelt 


June 
July 
August 


September 
October 


June 


July 


August 


September 
October 


Excluding the incomplete returns for the 1936 tagging, of those in the clean 
condition half were recaptured during the first year, the local fish being one in 
July and two in August in the basin and four in September-October in the river. 
This indicates that about half the fish are ready for spawning in a year’s time. 





Ficure 6. Sackville river, N.S. Lower, place of liberation (double circle) of kelts at mouth of 
Sackville river, and places of recapture as kelts in first year (plain circle) at mouth of river 
and at Herring cove outside Halifax harbour, as clean fish in first year (solid circle) at 
mouth of river and in estuary, and as clean fish in second year (solid square) at mouth of 
river and in estuary. Upper, place of liberation (double circle), and distant places of 
recapture as clean fish in first year (solid circle) at Lawn on the south coast of Newfound- 
land and on the Margaree coast, Cape Breton island, as clean fish in the second year (solid 
square) at Drumhead, N.S., and on the Margaree coast, and as a clean fish in the fourth 
year (four-pointed star) at Arichat on the south of Cape Breton island. 
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This corresponds with the condition for first spawning, about half the fish being 
grilse. 

One was recaptured at Lawn, on the south coast of Newfoundland, and 
another on the inner coast of Cape Breton island some time during the first 
year, records resembling those of the Annapolis salmon for the east coast of 
Newfoundland. 

In the second year after liberation three were recaptured in the basin in 
July, August and September, and four in the river in September-October. 

In addition two were taken in June, one at Drumhead, about 45 miles 
eastward along the coast, and one in the gulf of St. Lawrence on the inner coast 
of Cape Breton island. The former might be considered as on the way back 
from Newfoundland, but not the latter. 

Also one was reported as taken four years later at Petit de Grat in the 
south of Cape Breton. 

Probably all of these should be classed as strays. The remainder show a 
definite relation to the river, with the numbers of recaptures decreasing from 
the river outward, as for all of the Saint John fish and somewhat over half of 
the Annapolis fish. 

Although separating clearly into two groups of local and distant recaptures, 
like the Annapolis salmon, the Sackville salmon return equally in first and 
second years and remain in the estuary till the fall in both years, instead of 
returning only in the spring of the second year as do the Annapolis fish. 


THE MARGAREE RIVER 


This is the principal river in Cape Breton island, drains rather considerable 
valleys in the high western table land, and empties into the gulf of St. Lawrence. 
Salmon for hatchery purposes are mainly taken during the fall in a trap in the 
estuary about one mile inside its mouth at Margaree Harbour. In some years, 
however, salmon have been procured in June and July from the nets operated 
on the coast within a few miles of the mouth of the estuary. The fish are held 
till spawning time in a pond walled off from the estuary at a point near the trap. 
They were tagged and liberated in the estuary in November and December of 
each year. / 

From 1913 to 1924 a total of 1,421 kelts were so liberated, the number each 
year ranging from 84 to 200 (Rodd 1924, p. 27 and 1925, p. 26). There have 
been the following numbers in subsequent years: 1928, 100; 1930, 486; 1933, 
166; 1934, 536; 1935, 641; and 1936, 193 (Rodd 1929, 1931, 1934-1937). The 
total of those given is 3,543. Of these 201 recaptures have been reported, but 
some have insufficient data and the recaptures later than 1937 are not available 
(Rodd 1924-1927, 1930-1933, 1935-1937). 


The localities of recapture have been grouped into regions as follows (see 
figure 7). The Margaree river proper has angling from the pool at the head of 
tide to the Forks and up the Northeast Margaree for many miles. There are 
few fish and little angling in the Southwest Margaree. The Margaree estuary 
has been without commercial netting since 1910, so that there is little opportunity 














Figure 7. Margaree river, N.S. Lower left, place of liberation (double circle) of kelts near 
mouth of estuary, and places of recapture as kelts in first year (plain circle), as clean fish 
in first year (solid circle), and as clean fish in second year (solid square) all three of these 
in the river and in the estuary, and also along the outer coast, chiefly or altogether (kelts) 
tothe north. Lower right, places of recapture in Nova Scotian waters outside the Margaree 
region, in Pictou-Antigonish, Chedabucto bay, south Inverness, north Inverness and 
Victoria. Upper, places of recapture beyond Nova Scotia, on the south, west, and ‘east 
coasts of Newfoundland, and one indicated as going to the outer Labrador coast. 





112 


of having salmon recaptured in it. The Margaree coast is arbitrarily taken as 
extending from the Harbour southwest about five miles to Chimney Corner and 
northeast about twelve miles to Cheticamp point, and has fixed salmon nets or 
traps all along it. The south Inverness coast is considered to extend from 
Chimney corner to the gut of Canso and has fixed salmon nets. Chedabucto bay 
is at the outer end of the gut of Canso and has fixed nets. The Pictou-Antigonish 
coast extends from the inner end of the gut to the west border of Pictou county 
and has fixed nets. The north Inverness coast is considered to extend from 
Cheticamp point to the county line east of cape St. Lawrence, and the Victoria 
coast from that line along the east side of the island to the southeastern limit 
of Victoria county at point Aconi, both of these regions having fixed nets. It 
is necessary to include the west coast of Newfoundland, the south coast of 
Newfoundland, and the east coast of Newfoundland. 


TABLE V. Margaree. Recaptures of tagged fish in the various regions in the various months 


of first and second years after liberation. 


Margaree South and West North and East 


South | North 
Month Estuary Coast Inverness | Farther | Inverness | Farther 


December 1 kelt 
January | 1kelt 


Gkelt | 2kelt 


12 kelt | 4 kelt 10 kelt 
1 2 








September 
| October 











| August.... 





| September | 
| October 


In figure 7 are shown the place of liberation and the localities of recaptures 
(table V gives the numbers taken in the various regions in successive 
periods of time after liberation). Two were taken at the mouth of the 
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estuary within five weeks of liberation. In the following spring and summer 
thirty-nine of the unmended kelts were taken, (1) seven in the Northeast 
Margaree, even fourteen miles above the head of tide, (2) twelve in the main 
river, (3) six in the estuary, (4) ten on the Margaree coast northeast of the 
estuary mouth, and (5) four on the north Inverness coast. They were taken in 
the river from early May till mid-July, but mostly in June, in which month 
alone were they taken on the coast (June 5 to 28). The data furnished. cannot 
be considered reliable for distinguishing clearly between kelts and clean fish. 
We have, however, seen kelts in the Northeast Margaree well into July. Also, 
we have seen in summer silvery salmon in the Southwest Margaree system (lake 
Ainslie), that were definitely kelts, except in colour, not having appreciably 
improved in weight. 

The percentage of those tagged each year, to be taken up river the following 
spring, varies greatly, and a reason for this has been sought. Since the virgin 
fish enter the river and ascend in the summer as a result of freshets, this 
possibility was explored for the kelts. No correlation was found with the mean 
monthly discharge of the Northeast Margaree in the spring months, but a fair 
correlation proved to exist with the mean discharge for December. Finally it 
was seen that the occurrence of the kelts up the river in the spring and early 
summer could be referred to the occurrence of sharp freshets or rapidly lowering 
discharge shortly after the fish were liberated in the late fall. 

A very high proportion (five per cent) of those liberated in 1916 were 
retaken up river in the following spring. These had been liberated on November 
15 and December 1. Pronounced freshets occurred on the Northeast Margaree 
river on November 25, December 2, December 6 and December 13. 

However, study of all the data showed that the matter was not so simple, 
and this might have been expected. It has been definitely observed that smolts 
and adult gaspereaux are swept out of the estuary with springing tides, and this 
might happen to the kelts, particularly when sluggish with low temperature. 
In figures 8 and 9 the spring recaptures of the kelts up river for six different years 
are shown in relation to the numbers liberated on various days in the late autumn 
and to the tidal rise and fall as well as the river discharge during that period. 
With no freshets following the liberations, as in 1933, there were no kelts re- 
captured. The highest proportions were taken up river when liberation was 
followed by neap tides and a marked freshet, as for December 4, 1928, November 
28, 1934, and December 1, 1936. While data are too limited to be very satis- 
factory, they indicate that the kelts react to freshets somewhat similarly to the 
unspawned fish and to tides like the smolts. 

As has been stated, the kelts found on the outer coast in early summer are 
on the Margaree coast and the north Inverness coast. They are in fact dis- 
tributed from the mouth of the estuary, not at all to the south, but northward 
to cape Rouge, a distance of over twenty miles. This is the direction in which 
the water moves on its way out of the gulf, and it may be surmised that the 
kelts, when in the outer part of the estuary where they are liberated, and when 
sluggish in the cold weather, will be carried out with the strong outflow of spring- 
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ing tides which removes three-quarters of the water of the estuary, and that 
they will be further carried and distributed along the coast to the north. 

Fish taken locally in the first year after liberation and believed to have 
improved in condition sufficiently for another spawning, number fourteen. On 
the Margaree coast three were taken in June and August, in the main river and 
in the Northeast Margaree six were taken from June to August, and in the 
estuary one was taken in June and four in the fall. 





1928 1930 1933 
FiGureE 8. Margaree river, N.S. Relation of recaptures of kelts up the river in the spring after 
liberation, to river discharge and tide for the years 1928, 1930 and 1933. A,—number 
of kelts liberated each day; B,—kelts shown by plain circles, recaptured upriver in spring; 
C,—daily discharge of Northeast Margaree (continuous line) and Southwest Margaree 
(interrupted line) in cubic feet per second; D,—rise or fall of tide in feet as predicted for 


Charlottetown, P.E.I. 


While as kelts in the spring and summer after liberation the Margaree fish 
are distributed riverwards to even a greater extent than the Saint John fish, in 
the second year a very different condition appears. On the Margaree coast 
sixty-five were taken, three in June, forty-two in July and twenty in August. 
In the estuary twelve were taken, all but one in the fall. In the river only two 
were taken and in September. The large number taken on the outside coast 
is in marked contrast to the condition shown by the Saint John, Annapolis and 
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Sackville rivers. In time of entrance the Margaree salmon differ markedly 
from the Saint John and Annapolis salmon, entering for the most part late in 
the season, but not as invariably so as do the Apple and Sackville salmon. 
Another peculiarity shown by the Margaree kelts is the wide extent of their 
distribution in distant regions, as shown in figure 7. They are distributed from 
Pictou at the southwest and Chedabucto bay at the south to all three coasts of 
Newfoundland and to the north of Belle Isle strait on the Labrador coast. 











1934 1935 1936 


FiGuRE 9. Margaree river, N.S. Relation of recaptures of kelts up the river in the spring 
after liberation, to river discharge and tide for the years 1934, 1935 and 1936. A,—number 
of kelts liberated each day; B,—kelts shown by plain circles, recaptured upriver in spring; 
C,—daily discharge of Northeast Margaree (continuous line) and Southwest Margaree 
(interrupted line) in cubic feet per second; D,—rise or fall of tide in feet as predicted for 
Charlottetown, P.E.I. 


Analysis of the recaptures shows that this extended distribution has rather 
striking differences from year to year (see figure 10). Of 1,421 fish liberated 
from 1913 to 1929, two were recaptured on the west coast of Newfoundland in 
the first year following, four on the south coast in the second year, and one on 
the east coast in the third year. Then, of 486 fish liberated in 1930, none were 
taken at Newfoundland in the following year, but six were reported in 1932 











FicureE 10. Recaptures in Newfoundland waters of Margaree salmon liberated as kelts in 
various years to show differences. Place of liberation at the Margaree shown as a double 
circle, recapture first year as solid circle, and in second year as solid square. 





from the east coast, four in early June from Conception, Trinity and Bonavista 
bays, one in late June from Twillingate, Notre Dame bay, and one on August 1 
from Griquet near Belle Isle strait. Of 166 fish liberated in 1933, one was 
reported from St. George bay on the west coast in the following year, but no 
others. Of 536 fish liberated in 1934, none were reported from Newfoundland 
in either of the two following years. Of 641 fish liberated in 1935, three were 
reported on July 4, 5 and 8 of the following year from the east coast of New- 
foundland and the outer Labrador coast near Belle Isle strait, and one in July 
of the second year on the west coast near cape Rich. 

While the number liberated each year from 1913 to 1924 was too small to 
give sufficient recaptures which might bring out differences between the years, 
the fact that the only two recaptures on the west coast of Newfoundland were 
for 1921 (June 29 at Stephenville in the south and July 18 at Flower cove in 
the north) from the lot of fish liberated in 1920, is indicative that yearly pecu- 
liarities in distribution did occur. This holds also for the extended distribution 
around Cape Breton island and along the coast of the mainland as illustrated 
in figure 11. Of the 1,521 fish tagged from 1913 to 1928, and recaptured in the 
second following year, one was from south Inverness, and three from Pictou- 
Antigonish. Then of 486 tagged in 1930, four were recaptured in 1932 on the 
south Inverness coast, and three on the Pictou-Antigonish coast. This shows 
an unusually strong movement to the southwestward. Similarly, of 536 fish 
tagged in 1934, two were recaptured in 1936 on south Inverness, three on Pictou- 
Antigonish, and one in Chedabucto bay. That this southwestward movement 
was due to unusual conditions in the summer of 1936 is definitely indicated by 
the recapture in that year from the lot of 641 fish tagged in 1935 of two fish 
on the Pictou-Antigonish coast,-none from previous taggings having ever been 
reported southwest of the Margaree coast during the first year. Further, 
virgin fish tagged and liberated on the Margaree coast in 1936 likewise gave 
recaptures on the south Inverness coast, on the Pictou-Antigonish coast and 
in Chedabucto bay (Huntsman 1937, p. 44). _ In contrast with this, in 1935 
there were no recaptures to the southwest, either from virgin salmon tagged in 
that summer, from kelts tagged in 1934, or from kelts tagged in 1933. As 
shown in figure 11, in 1935 and likewise in 1936 there were in the sea three 
comparable lots of tagged salmon,—spawned salmon that had been free for one 
and a half years, spawned salmon that had been free for half a year, and virgin 
fish that had just been liberated. While in 1935 there were no recaptures to 
the southwest from any lot, in 1936 there were such for all three lots. The 
conclusion seems warranted that the summers of 1935 and 1936 differed markedly 
in conditions determining southwestward movement of salmon from the 
Margaree coast. 

That peculiar conditions in one year determine similar distribution of 
different lots of fish is also indicated by the recaptures on the Victoria coast on 
the east side of Cape Breton island. In all the years there were only three of 
these, and two were in the same year, 1917, and from lots tagged in two different 
years, 1915 and 1919. 

The Margaree spawned salmon fail to show as clean fish the river-ward 





1935 - FREE | YRS. 


1936 - FREE i YR 


1935 - VIRGINS 


FicurE 11. Recaptures to the southwest in 1935, compared with those in 1936, of Margaree 
salmon. Upper pair, salmon liberated as kelts a year and a half previously. Middle pair, 
salmon liberated as kelts half-a-year previously. Lower pair, salmon newly liberated after 
capture in the sea, as virgin fish. 





119 


distribution that characterizes the Saint John fish, and that, with the exception 
of the distant recaptures, is also to be seen in the Annapolis and Sackville rivers. 
Most of the Margaree fish are distributed along the outside coast. This seems 
the result of the estuary being shallow and having a narrow, shallow opening 
on a straight coast, rather than merging into a basin or bay. The volume of 
water discharged is not sufficient to overcome this disadvantage and make a 
very definite zone of influence in the sea, in which the salmon might collect. 


THE PHILIP RIVER 


This river drains part of northwestern Nova Scotia and empties into 
Northumberland strait, about midway of its length. In some years salmon have 
been trapped for hatchery purposes at the fishway of the upper dam near Oxford 
Junction. They are obtainable only in the fall. A total of 938 of these fish 
were, after being spawned, tagged and liberated in the river at the end of 
October or during November in the years 1924, 1929, 1930 and 1936. There 
are no salmon fisheries in the region and consequently the sea distribution of the 
tagged fish in the region was not revealed. There were 12 recaptures from the 
938 fish tagged in the three earlier years. (Rodd 1926, 1931, 1932, and 1934). 
Locally ten fish were recaptured in the river and its estuary. One was taken 
in the estuary within a month after liberation. In the following spring three 
were taken in the river in the kelt condition in March, April and May. A 
fourth, taken in May, was clean, but unchanged in length and with little change 
in weight, so that it cannot be considered as ready for another spawning. In 
the second year after liberation four were taken in the river in November as 
returning for a second spawning. 

Of particular interest are three recaptures in Newfoundland waters (figure 
15), without any being reported from intermediate regions, such as the Pictou- 
Antigonish coast and around Cape Breton island, where are many salmon nets. 
One was taken in July of the year following liberation at cape St. Mary’s near 
the east end of the south coast of Newfoundland, while two were taken in 
different years in June of the second year on the east Newfoundland coast in the 
Bonavista district. 

THE MORELL RIVER 


This river empties into St. Peters bay on the north coast of Prince Edward 
Island. Salmon are trapped near the head of tide for hatchery purposes, and 
are obtainable only in the fall, chiefly in November. A total of 716 kelts have 
been tagged in eight different years from 1918 to 1930. There have been 21 
recaptures. 

One fish was retaken in the river in the following spring in May, and, 
although bright, should nevertheless be considered as still a kelt. Four fish 
were retaken in the river in September, October and November of the following 
year, showing recovery for a second spawning. For the second year three were 
taken in St. Peters bay in August, while three were taken in the river in August, 
September and November. Also one was taken in the neighbouring Midgell 
river in November. 





As for the Philip river, there are distant recaptures of especial interest. 
One, quite evidently a kelt, although bright, was recaptured in Cardigan river 
on the east side of the island in May of the first year following liberation, while 
another was taken in the fall of the first year in the net operated for hatchery 
purposes in the Margaree estuary, Cape Breton island. The distant recaptures 
show correspondence with those of the neighbouring Margaree and Philip rivers. 
Of 137 salmon tagged in 1929, one was recaptured in June, 1930, near Red bay, 
Labrador, on the north side of Belle Isle strait. Of 273 tagged in 1930, six were 
recaptured on the east coast of Newfoundland in 1932 (see figure 15), all in 
June, and distributed from St. John’s at the south to Canada bay at the north, a 
distance of over 250 miles. 


THE MIRAMICHI RIVER 


This river drains a large area of central New Brunswick and flows eastward 
into the gulf of St. Lawrence. Salmon for hatchery purposes are taken in nets 
set in the tidal waters of the Northwest Miramichi near the hatchery at South 
Esk during September and October, when large numbers (thousands) are ordi- 
narily available. After being spawned, they have been tagged and liberated 
during late October and November near the hatchery. From 97 to 298 were so 
handled each year from 1913 to 1924 and in 1928, to a total of 2,104. Of these 
there have been 87 recaptures reported, some with insufficient data (Rodd 1924, 
1926, 1927 and 1930 and unpublished data). 

The places of recapture have been grouped into regions as follows (see 
figure 12). The Northwest Miramichi river proper, from the head of tide up- 
wards, has angling only and not much of that. The Northwest Miramichi 
estuary is about 12 miles long and has fixed salmon nets. The Southwest 
Miramichi river proper, above the head of tide has considerable angling. The 
Southwest Miramichi estuary is about 14 miles long and has fixed nets. The 
main Miramichi estuary extends from the junction of the two branches to the 
mouth at Pointe du Quart, is about 20 miles long, and has fixed salmon nets as 
well as bag nets for smelts during the winter. Outside the mouth are the inner 
and outer bays, the former with fixed nets and smelt bag nets and the latter with 
drift nets which operate well out into the gulf as well as both to the north 
and to the south. There have been two recaptures in the Newfoundland region. 

In figure 12 are shown the distribution of the recaptures in the different 
regions. The numbers recaptured in the various regions during successive 
periods in the two years following liberation are given in table VI. 

The salmon were liberated in the Northwest Miramichi estuary, and the 
great majority of the recaptures were made in the same (75%). Only one 
fish was taken above the head of tide in the river proper and that was a kelt. 
Four were taken in the Southwest Miramichi estuary and one in the river, 
showing a limited shifting to that other stream. A fair proportion of the fish 
were recaptured in the main estuary, most of these in its upper part, while none 
at all were reported as taken farther out, e.g. in the inner or outer bays or out 
in the gulf, where the bulk of the salmon are taken each year. This agrees with 
the results for the Saint John, that the spawned salmon keep well into the estuary. 








| 
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Ficure 12. Miramichi river, N.B. (only the salmon tagged by Department of Fisheries). 
Lower, names of regions, place of liberation (double circle) of kelts in Northwest Miramichi 
estuary, and places of recapture as kelts in first year (plain circle), as clean fish in first year 
(solid circle), and as clean fish in second year (solid square). So many of the recaptures 
are so very near the place of liberation that the positions cannot be properly shown. Upper, 
distant recaptures. 





Some of the tagged fish drop down into the main estuary, even to its outer 
part, in a month or so after liberation. The only one taken in this region in 
February was near Newcastle, that is in the inner part. Considering the many 
bag nets operated for smelt through the ice during the winter, it seems fairly 
definite that these kelts are not in the outer part of the estuary during the winter, 
but well in. In the spring they are still well in, one being recaptured in the 
Northwest Miramichi above the head of tide and 24 in the estuary in May, and 
21 in the estuary in June. In May and June also a few were taken in the main 
estuary in both inner and outer parts, and in the Southwest Miramichi estuary, 
but none later. 

As in other rivers, salmon recaught in the estuary in the spring after 
liberation may be bright, but their thin condition and little if any increase in 
length makes it clear that they should still be considered as kelts. Individuals 
have been taken in July, August and November (one each) of the year after 
liberation, which are reported as clean, but these also are doubtfully to be con- 
sidered as ready for another spawning because of the slight increase in weight 
and length as reported. If, as the facts suggest, the spawned fish for the most 
part do not go out into the gulf, but feed in the estuary, it may well be that an 
occasional one is taken. They are apt to be taken only when wandering after 
ceasing to feed. 

Those taken locally in the second year after liberation were all far up the 
estuary, all but two in the Northwest. They occurred from June to November, 
but principally in September. That none were reported as recaptured among 
all the salmon taken by the shore nets and drift nets outside the estuary during 
the spring and summer fishing season, is a very clear indication that they 
remained in the estuary. If they had migrated out into the ocean, as many 
suppose they do, some should have been taken by the outer nets on their way 
back to reach the estuary from June to November. 

The only recaptures outside the river and estuary were very distant, one 
in July of the first year after liberation at Bonne Esperance on the north shore 
of the gulf near Belle Isle strait, and the other in June of the second year in 
Trinity bay on the east coast of Newfoundland. This is a similar result to that 
described for the Philip river. 

Mr. A. A. Blair in the late summer and fall of 1930 tagged 500 salmon 
from a net at Cassilis in the Northwest Miramichi estuary (Blair 1934, p. 16). 
He has kindly furnished me with the details of the recaptures. During the 
operations fifteen of the fish were recaptured in the same net. Another was 
taken-far up the Southwest Miramichi at Upper Blackville the same fall. The 
remainder may be considered to have spawned and thus to provide data on 
movements of spawned salmon similar to those provided by the tagging of kelts 
in the hatchery operations. 

There were seven of the fish recaptured as kelts the following spring, five 
in the Northwest estuary in April, May and June, and two in the Southwest in 
April. As clean fish, one was taken on September 5, 1931, in the main estuary 
at Loggieville, one on August 5, 1932, at Cassilis in the Northwest estuary, and 
one at Strathadam in the Northwest estuary during 1933. There were two 
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distant recaptures, both in Bonavista bay, on the east coast of Newfoundland, 
one on June 6, 1932, and one on June 13, 1934 (see figure 15). Scales were 
furnished for the latter fish, which showed clearly that it had spawned in 1930 
(as a grilse) and again in 1932. These results are similar to those from the 


TaBLE VI. Miramichi. Recaptures of tagged salmon in the various regions in various months 
of the first and second years after liberation. 


Southwest Miramichi | Northwest Miramichi | Main estuary 


— - - Inner Outer 
Month River Estuary River Estuary Inner Outer bay bay 


Dee...) Skelt | 1 kelt 
Feb. 1 kelt 


May 1 kelt 1 kelt 24 kelt 0 


June 1 kelt 21 kelt 2 kelt 


0 





























Nov. 





tagging in the hatchery operations and confirm the view that the fish remain 
well up the estuary except for a few that go very far away to the Newfoundland 
region. Those taken on the east coast of Newfoundland in 1932 agree with the 
results for the Margaree, Philip and Morell rivers as to an unusual movement 
to that coast of kelts tagged in the rivers of the southern part of the gulf in 1930. 


THE NIPISIGUIT RIVER 


This river drains quite an area of northern New Brunswick and empties 
into Chaleur bay midway of its length. From 1924 to 1927 salmon were taken 
in this river during September and October and held in pontoons till spawning 
time. From 64 to 231 were tagged and liberated each year in late October or 
the beginning of November. From a total of 582 fish, 8 recaptures were reported 
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(Rodd 1926, 1927, and 1930). None were taken as kelts. Two were taken in 
August of the first year after liberation on the outer coast eight miles to the east 
of the river mouth where most salmon are taken by the commercial nets. Two 
were taken at the same place in July and August of the second year, and three 
were taken in July and one in October of the second year in the river. The 
numbers are small, but the condition shown is intermediate between those of the 
Margaree and Miramichi rivers. 


THE RESTIGOUCHE RIVER 

This river drains northwestern New Brunswick and the adjacent part of 
Quebec, and discharges into the head of Chaleur bay. Most of the kelts related 
to this river that have been tagged were taken during June and July in fixed 
salmon nets near New Mills on the south side of Chaleur bay about ten miles 
from the mouth of the estuary, and held in a pond at New Mills until spawning 
time. They were tagged and liberated in Chaleur bay in late October and 
November. From 50 to 100 fish were so handled in each year, 1914-1917, 1919, 
and 1921-1924, and 409 in 1930 (Rodd 1924, 1925 and 1931) making a total 
of 1,198. Other lots were liberated in the river or its branches, 73 at the head 
of tide in the fall in 1913 and 1914; 172 in the Kedgwick river in the fall of 1919; 
19 in the Little Main river in the fall of 1920; 228 in the Restigouche proper, 
and Upsalquitch river in May of 1921; and 300 in the Matapedia in late October 
of 1927, 1928 and 1930 (Rodd 1924, 1928, 1929, 1931). The total of these 
liberations in the river has been 792. There have been twenty-three recaptures 


TABLE VII. Restigouche. Recaptures in the different regions in the various months of first 
and second years after liberation. 


Liberated in river Liberated in bay 


Month River Estuary ay River Estuary 


4 kelt 0 





1 kelt 























August... 








from those liberated in the bay and fifteen from those liberated in the river 
(Rodd 1924, 1927, 1929, 1930, 1932, 1933). 

The places of recapture have been grouped into regions as follows. The 
River, including its branches, consists of all water above the head of tide and has 
angling only. The Estuary extends from the head of tide to Bon Ami and 


FicurE 13. Restigouche river, N.B. Upper, liberation of kelts in river,—places of liberation 
(double circle), and place of recapture as kelts in first year (plain circle), as clean fish in 
first year (solid circle), and as clean fish in second year (solid square). Lower, liberation 
of kelts in bay,—place of liberation and recaptures indicated as in upper part. 


Maguacha points, and has fixed nets. Chaleur bay has fixed salmon nets along 
its shores. 


The distributions of the recaptures from the two series liberated in the river 
and in the bay respectively for the various months after liberation are given for 
comparison in table VII. In figure 13 are shown the regions and the locations 
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of the recaptures made no farther out than the bays in the upper part for one 
series and in the lower part for the other. 

While the numbers are small there is an indication that in their second year 
the fish liberated in the river are more numerous in the river than those liberated 
in the bay (0.76% versus 0.25%); on the other hand those liberated in the bay 
are in their second year more numerous in the bay than are those liberated in 
the river (0.42% versus 0.13%). 

It is noteworthy that, in contrast to the results for the Miramichi, some of 
the recaptures were made outside the estuary. While, as suggested above, the 
liberation of many of the fish well out in the bay may have been responsible for 
this, one salmon liberated in Kedgwick river was retaken at Eel river bar in the 
bay in the second year afterwards. There were no recaptures in other rivers 
emptying into the bay. 

There were two distant recaptures: one liberated in the Kedgwick river 
was retaken in the second year in Placentia bay on the south coast of Newfound- 
land; and one liberated in the bay at New Mills was retaken in the second year 
in the Miramichi river. As for so many other rivers, a proportion of the fish 
seem to go astray. 

THE SAGUENAY RIVER 

This river empties into the estuary of the St. Lawrence river on the north 
side. It has a very long, narrow, and deep estuary. The salmon were secured 
for hatchery purposes from nets operated a short distance inside the estuary 
mouth at point Rouge and in Bark cove during June and July in each year, and 
were held at Tadoussac till spawning time. The tagged fish (from 37 to 126 
each year) were liberated in late October and early November of the years from 
1913 to 1921 with the exception of 1918, the total number being 641. Of these 
16 recaptures were reported (Rodd 1924). 

As none were reported from the river or its estuary, and as we do not know 
the river origin of these fish (this is also true for the other rivers), the only con- 
sideration is the order of their distribution on the outside coast and in more 
distant places. 

Noteworthy is the great variety in the result from year to year. Not only 
the year with the smallest aumber tagged (1913), but also that with the largest 
(1920) resulted in no recaptures. The tagging of 1914 (99 salmon) gave 4% 
recapture, one in the first year and three in the second, all being not more than 
two miles from the mouth of the Saguenay (figure 14). The tagging of 1915 
(69 salmon) gave 8.7% recapture, all in the first year and within four miles of 
the river mouth. Of 99 salmon tagged in 1916 one (1%) was recaptured in the 
second year about 125 miles distant along the north shore. Of 60 salmon tagged 
in 1917, three (5%) were recaptured in the second year, one 130 miles distant 
on the north shore, another 60 miles distant across on the south shore, and the 
third at Beresford, New Brunswick, in Chaleur bay, about 400 miles away. Of 
102 salmon tagged in 1921 two (2%) were recaptured, one in the first year at 
Henley harbour in Belle Isle strait about 700 miles away along the north shore, 
and the other in the second year 120 miles distant across the south shore. 











FiGuRE 14, Saguenay river, Que. Recaptures of kelts tagged in various years, place of liber- 
ation being shown by a double circle, clean fish recaptured in first year by a solid circle, 


amd clean fish recaptured in second year by a solid square. 
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There is no indication that these salmon are related to any particular river 
either primarily or secondarily. They were at the mouth of the Saguenay river 
from which considerable fresh water is discharged, but the tides are heavy, the 
estuary extensive, and the conditions in the St. Lawrence estuary just outside 
the mouth of the Saguenay very complicated, as has been shown by the hydro- 
graphic observations in this region made by ‘“‘la Station biologique du Saint 
Laurent’’, located at Trois Pistoles (Risi 1932, 1934, 1936). The Saguenay 
water exerts a limited and very erratic influence outside. This is doubtless the 
explanation of the extremely variable distribution shown by the recaptures. 


DISCUSSION 


The behaviour expected of kelts is that they should descend to the sea. 
There is abundant evidence that some of them, even when placed in the sea, 
will enter the estuary, traverse it, and ascend the river even many miles. This 
movement in the opposite direction to the one they are presumed to take is 
shown in various rivers, and occurs wherever they may be liberated, whether 
well up the estuary (Miramichi), near the mouth of the estuary (Margaree), just 
outside the mouth of the estuary (Saint John), or well out in the bay (Resti- 
gouche). There are facts available for the Margaree to show that this movement, 
like the same one for virgin fish (Huntsman 1936, p. 15-19), is dependent upon 
the occurrence of suitable freshets in the river. A fish that has gone to sea may 
enter another river while still practically a kelt, as did one from the Morell river, 
which was in the Cardigan river (70 miles distant), in the spring following libera- 
tion. This, like the return of sexually immature fish to the rivers is definite 
evidence that return to, and ascent of rivers by anadromous fish are not character- 
istic only of fish that are approaching the spawning period. 

There is clearly shown a very great diversity in the movements of the 
spawned salmon, not only from river to river, but also in the one river from year 
to year. Amid this diversity, the Saint John shows relative stability and 
simplicity and is, therefore, useful as a background against which the others 
may be viewed more clearly. Its spawned salmon, although liberated in the sea 
outside the estuary mouth, are seen as distributed from the harbour or estuary 
mouth inwards through the’ estuary to the river, whether as kelts or clean fish 
in the first year, or as clean fish in the second year after liberation. The virgin 
fish offer a contrast to those that have spawned, in being taken principally in 
the harbour and in the bay. A still greater contrast is shown by the smolts, 
which, after going seaward in the spring, are taken in considerable numbers in late 
summer, when they are about a pound (0.45 kg.) in weight, by the weirs along the 
outer part of the area in the bay where the larger virgin fish are captured (figure 1). 
The order shown is that the small salmon are farthest seaward and the large 
salmon farthest riverward. It may be argued that the real distribution of the 
salmon in the sea is not shown by where they are caught, but, although this 
possibility should be kept in mind, it seems wise to build a theory of the distribu- 
tion of the salmon on the basis of the facts of distribution. The idea that the 
virgin salmon taken by the drift nets come from outside the area in which they 












are taken, receives no support from the facts of the starting of the fishery each 
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season, since the fish appear first at the inner, i.e., harbour, end of the area. 
That they are not at all times equally available does not necessarily mean that 


they come and go. 


Their capture in nets moving with the water must be depend- 


ent upon the degree to which they move through the water in which the nets 


are located. 
in feeding. 


Their movements will be altered by changes in temperature and 
Pronounced riverward distribution of the spawned fish is shown not 


only for the Saint John, but also for the Annapolis, Sackville, Miramichi, and 


Restigouche rivers. 


In the Annapolis and Restigouche, as in the Saint John, 


these salmon are, for their second year after liberation, in the river so early in 
the season that they might be considered to have come from or passed through 
the outer fishing area at a time like the preceding autumn, when there would be 


no fishing to reveal their presence. 


Such an argument will not hold for the 


Sackville and Miramichi rivers, which these salmon do not ascend until the fall. 
That the large salmon should be distributed chiefly toward the river, is a 
quite unexpected conclusion to reach, since they might well be expected to range 


more widely in the sea than the small salmon. 
explanation of this, which may be the right one. 


There is, however, a simple 
Salmon parr in the rivers and 


herring in the sea are definitely known to show a differential vertical distribution 
during the day according to size, the largest being deepest in the water. It may 
be safely inferred that the larger the salmon the deeper it swims during the day. 
The typical movement of sea-water in relation to a river, as shown by the Saint 
John, is a double one, the mixed salt and fresh water moving seaward at the 


surface and the salt water below moving toward the river mouth. 


If smolts are 


in the former and large salmon in the latter, their contrasted distribution is an 
automatic consequence, the smolts being carried to the seaward end of the zone 


of river influence, and the large salmon to the riverward end. 


It has been possible 


to observe that the smolts are within a few feet of the surface during the day and 


that they are carried out with the seaward movement. 


The large salmon, when 


in the river keep to the deep pools, but it will need to be determined at what 
depths they swim in the sea as well as at what depths the salt water moves 
towards any particular river, which might explain the distribution of the spawned 


and other large salmon in relation to that river. 


Although the spawned salmon move to the river under certain conditions 
and tend to occur chiefly at the riverward end of the area throughout which 
they are distributed, their proportionate numbers in different parts of the area 


seem to depend to some extent upon where they are liberated. 


Certainly, a 


difference is apparent for the Restigouche in the proportionate numbers taken 
in the river, estuary and bay between those liberated in the river and those 


liberated in the bay. 


It would be most desirable, however, to have the matter 


definitely tested by liberating for the same river and the same year adequate 
numbers from one lot of spawned salmon at two widely separated points, e.g., 


one in the river proper, and the other well outside the estuary. 


A pronounced difference is apparent in the numbers of the spawned salmon 
taken in the outer waters, between the Saint John and the Margaree rivers. 


Although liberated outside the estuary mouth, only two recaptures of Saint 
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John salmon were made in the bay, while the Margaree salmon, liberated in 
the estuary, have been regularly recaptured in considerable numbers on the 
outside coast. The Miramichi shows a more extreme restriction of the recaptures 
to inner waters than the Saint John, none having been reported from the main 
estuary, except as kelts, and none at all from either the inner or the outer bays 
and the neighbouring part of the gulf, where the great mass of the virgin fish are 
taken. Contrasted with this, the Margaree spawned salmon are taken chiefly 
where most of the virgin fish are captured. The peculiar hydrographic conditions 
existing at the Margaree seem to furnish the explanation, since (1) except during 
freshets the river discharge is rather small, (2) the estuary is quite shallow and 
very thoroughly emptied with ebbing spring tides, (3) the mouth of the estuary 
is narrow and shallow, and (4) the estuarial water which passes out during ebb 
tide is rapidly dissipated along the neighbouring coast. These conditions 
apparently result in the salmon being carried out to sea from the estuary, becom- 
ing scattered to more or less distant points through lack of a pronounced and 
continuing zone of river influence, in which they might collect, and having only 
rarely the conditions which will cause them to re-enter the estuary. 


It has been customary to believe that many fish make extended migrations 
in the sea and return finally to the place of origin. Before such belief is accepted 
by scientists as being more than a possibility or probability, there should be 
adequate proof. Such proof is still lacking for migrations of salmon to places 
distant from the zone of influence of the particular river. At the same time there 
is definite proof that salmon, which ascend a given river one year may ascend 


other more or less distant rivers in other years. For example, salmon from the 
Morell river were found in subsequent years in (1) the Midgell river, which 
empties into the same bay (St. Peters) as the Morell, (2) the Cardigan river, 
distant about 70 miles and on another coast of Prince Edward Island, and 
(3) the Margaree river, distant about 80 miles and in Cape Breton island. These 
cannot be said to be exceptions when there are as yet no certain cases of return 
to natal rivers from distant places. 

No recaptures of Saint John spawned salmon have been reported from 
distant places, and this corresponds with a pronounced and continuing zone of 
influence of this river seaward from the estuary mouth, which is fairly sharply 
defined and coincides with the area in which the virgin salmon can be captured 
with drift nets. There is nothing to suggest that any of the Saint John salmon 
ever go any particular distance outside the area. The Restigouche and Miramichi 
are rivers with a considerable volume of water, and discharging broadly into 
funnel-shaped bays. Only 0.1 per cent of their spawned fish were recaptured 
in distant places, so that they do not differ much from the Saint John. As a 
contrast, the Annapolis, Margaree, Sackville, and Morell rivers show 1.9, 1.6, 
1.3 and 1.25 per cent respectively of their spawned salmon recaptured in distant 
places. These are all rivers with rather small or very small discharges of water 
going into estuaries or basins with narrow mouths, in which tidal mixing dissipates 
the river water, or outside which the river influence is slight and intermittent. 
This indicates that spawned salmon go to places distant from the river in question 
only when it has a relatively slight and intermittent influence at sea. Salmon 
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away from river influence have been called ‘“‘lost’’ salmon, since they seem to have 
lost touch with their rivers and may not return. 

That salmon go to very distant places is undoubted. The available facts 
seem to show that the extent to which they do this varies with the river. There 
is no physical impediment to their return, since salmon have been proved to 
travel long distances, with daily rates of from twenty to thirty miles on the 
basis of the most direct routes possible. One salmon went from near Yarmouth 
at the western end of Nova Scotia to the Moisie river on the north shore of the 
St. Lawrence estuary, a distance by the most direct route of about 800 miles, 
in forty-two days (Rodd 1926, p. 27). Similar rates have been demonstrated 
for European waters (Menzies 1938, p. 8). 

Since they can return, the only question is,—do they return? This awaits 
demonstration, but the available evidence seems against it. The Annapolis 
salmon that reach Newfoundland have been caught there a year after liberation 
in November and December, and yet all the recaptures in the Annapolis were 
made at the very beginning of the next season (May) and well up the river. 
It is not to be expected that the salmon made the return journey of one thousand 
miles or more during the winter months, when low temperatures make them 
sluggish. 

It is of interest to know what is the nature of the movements of salmon to 
distant places, if it is not a definite migration. In general for our coast it may 
be said to be oceanward and to the northeast, as is so well shown by the Annapolis 
salmon. The forces that determine the direction and extent of this movement 
must vary considerably from place to place and from year to year. Although 
the Annapolis salmon have gone consistently to the east coast of Newfoundland 
in a year’s time, the salmon from the rivers emptying into the gulf of St. Lawrence 
reach all three coasts of Newfoundland and show considerable variety, being 
taken in the first, second or third year after liberation, but always in the summer 
fishery and never in the late autumn fishery, in which all the Annapolis fish 
were taken. 

There appear to be two courses by which the salmon from the south of the 
gulf may reach the Newfoundland coasts. The most rapid is to the west coast, 
where they are taken in June, July and August of the year following liberation, 
that is in seven to nine months, from St. George’s bay at the south to Flower 
cove at the north, as well as to Bonne Esperance, Que., across on the north 
shore, to the north side of Belle Isle strait, near Red bay, and through the strait 
to the east coast of Newfoundland near St. Anthony and the outer coast of 
Labrador to the north. The recaptures tend on the whole to be later going 
from St. George’s bay to Belle Isle strait. Only one was reported from this 
course as taken in the second year after liberation, but there have been only 
ten in all. The superficial water from Cabot strait on the Newfoundland 
side takes this course during the summer when southwest winds prevail, and 
this may have some significance. 


The south coast of Newfoundland would be thought to be as equally accessible 
as the west coast for the spawned salmon from the rivers of the southern part 
of the gulf, but out of seven recaptures there, only one and that the farthest 
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FicurE 15. Comparison of distant recaptures of salmon tagged at spawning time in 1930 with 
those from 1921 to 1924 for the Miramichi, Morell, Philip and Margaree rivers. Indica- 
tions of places as in preceding figures. 












133 


to the east (cape St. Mary’s) was taken in the first. summer following liberation. 
All the others, including three in Cabot strait at the extreme west, were taken 
in the second summer. The obvious conclusion seems to be that these fish were 
carried oceanward along the south side of the deep Laurentian channel passing 
through Cabot strait to the side of the continent, south of cape Race, and in the 
second year came back from the ocean along the north side of the channel to 
reach the south coast of Newfoundland. Rather pronounced currents take 
these courses. 

Oddly enough the east coast, which is the most distant and least accessible, 
had the largest number of recaptures. Of the ten referred to the west coast, 
two reached the east coast at the extreme north, presumably through Belle Isle 
strait, in the first summer following liberation. Sixteen others reached this coast 
in the second year, one in the third, and one in the fourth, and the places and 
times, in which they were taken, indicate that they arrived from the south. 
Fourteen of them were in one year (1932) and as well as the one found in the 
fourth year, had all been liberated in the fall of 1930, two in the Miramichi, 
six in the Morell, one in the Philip, and six in the Margaree river (see figure 15). 
They were taken in early June at the south and as late as August 1 at the north 
near Belle Isle strait. Similar numbers liberated in the years 1921 to 1924 
(for Philip river, all in 1924) showed no movement of the sort, except one from 
the Miramichi for the year 1924, as shown in the upper part of figure 15. It 
seems fairly evident, first that these salmon were carried in the Cape Breton 
current out to the open ocean, whence they reached the east coast of Newfound- 
land in the second summer, and second that conditions to effect this were un- 
usually favourable for those liberated in the autumn of 1930 and acted almost 
equally on Miramichi, Morell, Philip and Margaree salmon. That the movement 
is due, not to any peculiarity of the salmon of individual rivers, but to the 
conditions to which they are exposed is well demonstrated, since the salmon of 
one river vary in movement from year to year, and those from different rivers 
show such agreement when a pronounced movement of unusual character occurs. 

A similar deduction is to be drawn from the recaptures of tagged Margaree 
salmon in 1935 and 1936. While the determining part of the movement to 
Newfoundland probably occurs during the cold part of the year, there was in 1936 
{and also in 1937) a movement of the Margaree salmon to the southwest and 
south in the summer months, since it was shown by virgin fish that had just been 
liberated. That it was due to unusual conditions in the water is clearly shown 
by the fact that in 1935 it was not shown by any of three different lots of tagged 
salmon, (1) virgin fish, (2) spawned salmon free for one-half year, and (3) those 
free for a year and a half, while it was shown by the corresponding three lots in 
1936. It seems probable that these conditions involved movement of water 
between Prince Edward and Cape Breton islands southward and through Canso 
strait. 

At the present stage of our knowledge, theories to explain the distant move- 
ments of the salmon can be merely provisional. Facts show that salmon are 
determined in their distribution by mass movements of the water. Those that 
have been demonstrated by current measurements, by hydrographic methods, 
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and by drift bottle experiments are quite sufficient to account for much of the 
peculiarity that is shown. 

While the numbers of recaptures are as yet all too few to give more than a 
fragmentary picture of the distant distribution of the spawned salmon in view 
of the great diversity that is shown, some general features that have developed 
seem worth stressing. From the bay of Fundy these salmon go to the east coast 
of Newfoundland and outer Labrador, from the outer coast of Nova Scotia to the 
south coast of Newfoundland and into the gulf of St. Lawrence, and from the 
south side of the gulf of St. Lawrence either (1) out into the ocean and back to 
the south or east coasts of Newfoundland, or (2) up the west coast of Newfound- 
land and to the neighbouring Quebec coast or through Belle Isle to the east coast 
of Newfoundland and outer Labrador. 

It may be safely presumed that the farther the salmon go, the less is the 
likelihood of their return. There would thus be a more or less steady wastage, 
varying in degree from year to year, of Canadian salmon to Newfoundland and 
Labrador waters. Since the spawned salmon tend to be concentrated riverwards 
when in the sea, in comparison with the smaller salmon, there may well be a 
considerably greater wastage of the latter. However, other factors may offset 
the difference in riverward distribution. 

It has been mentioned that all the Apple river recaptures of salmon tagged 
at spawning time showed later spawnings occurring at yearly intervals in cor- 
respondence with the fact that these fish nearly all spawn the first time as grilse. 
Contrasted with this, all the recaptures of Annapolis river salmon tagged as kelts 
showed spawning only after two years in correspondence with the fact that these 
fish nearly all spawn as two-sea-year fish. For other rivers there is not such 
close restriction of the length of time at sea to a definite number of years. Since 
the Restigouche fish when planted in the Apple river spent the same length of 
time in the sea before spawning as did the local fish, this behaviour must be 
attributed to the effect of local environment. Light, temperature or food might 
be effective in hastening changes that result in return to the river and spawning. 
There is nothing to indicate that light conditions for the Annapolis salmon differ 
from those for the Apple salmon, and any difference in availability of food is in 
favour of the Annapolis salmon, the basin there having a very rich supply. 
Temperature alone exhibits’‘a distinct difference and in the right direction. Also 
the heavy tidal currents ensure that all the Apple salmon when in the sea will 
be at a distinctly higher temperature during the important growing months of 
spring and summer than the Annapolis salmon. The salmon of other rivers seem 
to have a variety of temperatures available near the mouths of their rivers, as 
have those of the Sackville river. It would seem, therefore, that temperature 
during the months of rapid growth may determine the length of time in the sea 
before spawning as well as between successive spawnings. 


CONCLUSIONS 


(1) While still in the kelt condition, salmon that have spawned will some- 
times, as when there are suitable freshets, traverse the estuary and ascend the 
river even for many miles, or enter another river after going to sea. 
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(2) Salmon that have spawned tend to occur chiefly toward the inner end 
of the estuary. 

(3) Their distribution in estuary and sea seems to depend in part upon the 
place where they may be liberated. 

(4) Their proportionate distribution in the various parts of the waters 
definitely showing the river influence is determined by the extent to which they 
may be carried outward and fail to return inward. 

(5) To what extent they pass seaward beyond the influence of the river 
depends upon the degree and permanence of that influence. 

(6) The direction and distance to which they may be distributed vary from 
river to river and for the one river may vary from one year to another, and seem 
referable to water movements. 

(7) The length of time spent by salmon in the sea before first spawning and 
between successive spawnings may be quite precise for particular rivers or may 
vary considerably in the one river. The temperature of the sea near the river 
mouth is seen as the most important factor in determining this time, high tem- 
perature giving “short absence’’, low temperature ‘‘long absence’’, and the varied 
temperature of markedly stratified water both ‘“‘short’”’ and “‘long absence’. 
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Studies on Salt Fish 
III. Equilibrium Moisture Coefficients of Salt Fish Muscle 
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ABSTRACT 


Sorption isotherms of salt fish muscle determined by the quartz spiral balance show that 
the material is isohygrometric between 0.30 and 0.754 activity and 15° to 35°C. temperature. 
Above 0.754 the system acts as a saturated solution of sodium chloride. 


An attempt to treat the drying of salt fish muscle analytically disclosed 
that no data on the equilibrium between the muscle system and the pressure of 
. vapour in the ambient air were available. These equilibria are usually called 
the equilibrium moisture coefficients of the material under treatment when 
drying is considered, or more generally the adsorption coefficients. The purpose 
of the work described herein was the determination of these coefficients for fish 
muscle containing approximately 50 per cent salt, and water vapour. 

These equilibrium moisture coefficients are usually determined during 
concurrent experimentation on the rate of drying of the material, but this method 
has several objections which have been fully discussed by Pidgeon (1934a). 
This work was carried out therefore by using a McBain-Bakr adsorption balance 
of the familiar type in combination with a suitable arrangement to give constant 
vapour pressures variable at will between the required limits. 


EXPERIMENTAL 

APPARATUS 

The apparatus is shown in figure 1. It consisted of (S) a water bath 
controlled in the usual manner, in which were placed two adsorption tubes 
connected to a mercury manometer (M). Samples were suspended on quartz 
spirals (C, C) hung from hooks on the inside of these bulbs. The apparatus 
was connected with a suitable vacuum system and a constant temperature bath 
(D, J) for controlling vapour pressure, (Pidgeon 1934b). A cooling coil (not 


shown) allowed the bath to be operated below room temperature. Experi- 
mentation could be carried out within the range 15° to 35°C. 


Lengths of spirals, and pressure diflerences on the manometer, were read 
on a cathetometer with a vernier to 0.001 cm. 


136 
J. Fisu. Res. Bp. 4 (2) 1938. 





137 


The quartz spirals were wound as described by Tapp (1932) and Pidgeon 
(1934c). These showed the usual straight line characteristics, their equations 
being 

Spiral no. Equation 
3 W = 0.010150 E — 0.9622 
4 W 0.006696 E — 0.061270 


o ’ = 0.021490 E — 0.30787 
where W is the weight in grams, and E the extended length in cm. 


ACCURACY 

The constant temperature bath was maintained to 0.03°C. Comparison 
of the bath thermometer with standards agreed to within 0.02°C. Low vapour 
pressures could be maintained constant to within the limits of reading with 
the cathetometer. In practice it was found that a somewhat greater variation 
occurred at higher pressures, therefore both at low and high activities values 
of the latter are correct to within 1.3 per cent. 


HCOOH 
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FiGcuRE 1. McBain-Bakr adsorption balance and Pidgeon control bath. D,—thermostat, 
J,—-water tube, c, c,—spirals and samples, s,—stirrer. 


Uncertainties due to weighing are approximately 3 per cent at low and 0.3 
per cent at high activities, using samples of about 0.04 gm. 

All samples were cut from fish containing approximately 50 per cent salt, 
known commercially as ‘‘hard salted’. A number of samples were prepared in 
the laboratory using “C P’’ and various commercial brands of salt. Others 
were bought in the open market. The laboratory samples were prepared either 
by dry salting (‘‘in kench’’) or by immersion in saturated salt solution (‘‘pickle 
salting’). Descriptions of the methods are given by Huntsman (1927) and 
MacPherson (1932). The relation between the method of treatment and the 
nature of the product obtained is discussed by Rheay (1936). 

Samples for examination were usually cut from the flesh at the thick part 
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of the nape. These were attached to the springs by small quartz hooks weighing 
about 0.004 gm. Asa rule, all samples were dried to constant weight in vacuo 
and the equilibrium determined during increase. In one case the apparatus 
was evacuated without appreciable loss from the sample by the addition of a 
few drops of saturated salt solution to each tube, the last traces being distilled 
to the constant pressure tube and the equilibrium values determined during 
successive lowerings of the vapour pressure. This determination gave the 
downward curve shown in figure 2. 

About 40 samples were treated, 6 at 15°C., 28 at 25°C., and the remainder 
at 35°C. 


RESULTS 


The results are shown in table I and figure 2. 


TABLE | 


Activity Equilibrium moisture contents 


Downward Return 
20 ; a8 
30 ; yf 
40 ‘ 5.0 
50 Bae 
60 12.0 
70 24-25.5 
725 30-35 
75 45 


Within the limits of experimental error the equilibrium moisture (per cent 
of dry weight) values for all samples were the same at equal activities. This 
was found to be true irrespective of change in temperature or in the nature 
of the sample. At high activities a definite hysteresis was observed. 

Examination of figure 2 shows that below a=0.76 salted fish muscle acts 
as a wettable surface for the adsorption of water vapour. Above this value the 
regain and falling rate curves coincide, and the equilibrium values become 
indeterminate. It appears, ,therefore, that above a=0.753 to a=0.754 the 
system acts as a saturated solution of NaCl, and distillation occurs on the sample 
until the activity of the water in the sample becomes equal to that in the 
surroundings. This view is supported by the fact that whenever the activity 
was raised above 0.76 visible drops formed on the samples, which on standing 
increased in size and eventually dropped to the bottom of the tubes. 

The activity over saturated salt solutions remains constant, within the 
accuracy of these experiments, in the range 15° to 35°C. (Speranzi 1910). 

Falling rate values and regain values differ as shown in figure 2. The 
upper section of the falling rate curve is uncertain and is therefore shown on 


broken lines. The accuracy of experimentation was not sufficient to distinguish 


between the two broken lines shown. Equilibrium during regain was usuaily 
more definite than that determined during the loss of moisture. This probably 
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was a result of slight changes in vapour pressures at high values, the effect of 
which is discussed by Pidgeon (1934a). 

The effect of the presence of air on this hysteresis is not known. There is 
however no a priori reason for assuming that air would cause a difference. 
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FIGURE 2. Sorption values for salt fish muscle in an atmosphere of water vapour. Upper curve 
indicates downward values, and lower, return values. 


Brodks (1934) found the same equilibrium values for the dried weight of the 
sartorious of the frog determined by the two methods described by him, and 
Pidgeon (1934a) has shown that small traces of air make no difference in the 
amount of hysteresis in silica gel. In obtaining the results given above, no 
rigorous attempt was made to remove the last traces of permanent gases from 
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the samples. Hampton (private communication) has interpreted results ob- 
tained by him, using relatively large samples, to mean that differences are to be 
expected. His results, obtained by suspending samples in a controlled air 


stream, do not agree with those given above over all sections of the curve. He 
points out, however, that the accuracy of control of relative humidity of the 
ambient air was not satisfactory at high activities. 
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Transplantation of Pink Salmon (Oncorhynchus gorbuscha) into 
Masset inlet, British Columbia, in the Barren Years 
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ABSTRACT 


In 1931, 1933, 1935, odd-numbered years, when no natural runs of pink salmon (Onco- 
rhynchus gorbuscha) occur in the Masset area, British Columbia, transfers of eggs were made 
from the Tlell river on the east coast of Graham island to McClinton creek, a tributary of 
Masset inlet. The following free-swimming fry were released: from the 1931 experiment— 
753,646 normal and 124,002 “marked” by the removal of the adipose and left ventral fins, and 
from that of 1935—397,657 normal and 108,200 “marked” by the removal of the adipose and 
right ventral fins. From the former, 40 “marked” adults were recovered in the Fraser river 
fishery in 1933, and from the latter four “marked” adults at McClinton creek in 1937. In 
the 1933 experiment 540,294 eyed eggs were planted but these were destroyed by freshets the 
following winter. Possible reasons for the failure of these experiments and the absolute blank 
in the “off” years are suggested. 


In 1931, 1933, and 1935, under the auspices of the Biological Board of Canada 
and with the co-operation and assistance of the Fish Culture Branch of the 
Dominion Department of Fisheries, three attempts were made to create a run of 
pink salmon (O. gorbuscha) in the barren odd-numbered years in McClinton 
creek, a tributary to Masset inlet, Graham island, the large northerly member of 
the Queen Charlotte group. 

As reported by the author (Pritchard 1937), the pink salmon is peculiar in 
that large spawning migrations occur in a given district in British Columbia only 
every second year, in the northern part of the province in the even-numbered 
seasons, e.g., 1926, 1928, 1930, etc., and in the southern portion in the odd- 
numbered, e.g., 1927, 1929, 1931, etc. Although it is usual in the “off” year for a 
given locality for limited numbers of pink salmon to appear, in many cases seeking 
out different spawning tributaries from those used by the runs in the “on” years, 
in some streams, e.g., the Tlell river on the east coast of Graham island, Queen 
Charlotte islands, a sizable annual run occurs, but the migration is much smaller 
in the “off” season for the district. On the other hand, in the case of Masset inlet 
the “off” year is an absolute blank. To illustrate: in the latter area in 1931, 1933, 
and 1935 not a single case of this species was packed nor was one individual dis- 
covered on the spawning areas although thorough inspections were carried out by 
officers in the employ of the Biological Board of Canada and the Dominion Depart- 
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ment of Fisheries. In 1930, 1932, 1934, and 1936, however, there were approxi- 
mately 225,000, 2,400, 66,000 and 70,000 cases respectively and the streams were 
in every case well “seeded”. It may be fairly safely assumed that in these years as 
many fish escaped the fishery as were caught, so that the minimum total for the 
runs would be 9,000,000, 96,000, 2,600,000 and 2,800,000 respectively. 

In view of the particular economic advantage which would accrue if an annual 
commercial run could be established immediately, it seemed wise to make a direct 
attack upon the problem by transplanting eggs into Masset inlet in these barren 
years and attempting to ascertain the success of such transplantations. At the same 
time data on existing conditions were recorded for later analysis. 


OTHER PINK SALMON TRANSPLANTATIONS 


Three of the more comprehensive programs of pink salmon transplantation in 
the past show quite different measures of success. At intervals between 1901 and 
1930 approximately 30,000,000 eggs were shipped from Alaska to Maine, Maryland, 
New Jersey and New York states on the Atlantic coast, all but an almost negligible 
quantity going to Maine. According to Bigelow and Welsh (1925) the results 
show that the species can live and grow in the gulf of Maine and find its way back 
to the home streams. Transplantations from Alaska to the state of Washington, 
varying in size from 600,000 to over 15,000,000 eggs per year in 1922, 1924, 1928, 
1930, and 1932, have produced no evident returns according to the statement in a 
letter from L. A. Royal, the assistant director of the Department of Fisheries of 
that state. In 1918, in British Columbia, 15,000,000 pink salmon eggs were trans- 
ferred from Oyster river on the east coast of Vancouver island to Seton lake 
hatchery on the Fraser river in an effort to stock that river above Hell’s Gate 
canyon. Difficulty was experienced (see Rodd 1918, p. 10), the eggs were dis- 
tributed locally, and there is no record of return. In these three cases there was 
success in only the one in which the transfer was to an area where the species did 
not exist before. 


METHODS 


In order to lessen the difficulties of transportation, and to minimize any 
troubles which might result from difference in environment in so far as it affected 


spawning time, etc., the river selected as the source for the eggs in the present 
transfers was the one nearest to Masset inlet from which a sufficient supply could 
be gathered at the proper time. This was the Tlell, flowing into Hecate strait on 
the east coast of Graham island, approximately thirty miles (48.3 km.) distant 
from McClinton creek. 


Three distinct experiments were conducted. In all the procedure was in the 
main similar. For that reason a general description follows in which the excep- 
tions are noted as they appear. All preliminary phases of the work, including the 
collection of the eggs, the transportation and the placing of the product in the 
eyeing station at McClinton creek, were supervised by an experienced hatchery 
officer loaned by the Fish Culture Branch of the Dominion Department of Fisheries. 





EGG COLLECTION 


At the Tlell river the adult pink salmon for the egg collection were procured 
by the installation of a picket fence similar in construction to that used in McClinton 
creek (Pritchard 1936), with the exception of the adjustable false bottom in the 
pen to allow the men to work therein at any stage of water. Officers working in 
this pen caught the female pink salmon by hand, and stripped the eggs from them 
into a two-quart (2% 1.) enamelled flat pan about four inches (10 cm.) in depth. 
Milt from the male was also stripped into the same receptacle and the whole care- 
fully mixed. Each pan, when filled, was removed by a helper who carefully poured 
the contents into a small-sized wash tub partially filled with water. After some 
time the excess milt was washed out of the tub by repeatedly adding fresh water and 
decanting the milky liquid above the eggs. The eggs were then ladelled out into 
flat shipping trays of the ordinary type. These trays were immediately packed in 
shipping boxes for transportation. 


TRANSPORTATION 


The eggs had to be carried over a rough bush road approximately two miles 
(3.2 km.) in length, along a gravel and plank country road for twelve miles (19.3 
km.), seventeen miles (27.4 km.) by boat from Port Clements to McClinton bay, 
and one mile (1.6 km.) from the anchorage to the camp. Extreme care was taken 
in packing the trays and every effort made to prevent jarring, including the use of 
wedges and moss for packing and a touring car rather than a‘truck for hauling. The 
eggs had to be kept damp throughout the journey, which was at first effected by 
using water from the creeks along the roadside, but subsequently by taking Tell 
river water along for the purpose, thus avoiding difference in temperature and 
acidity. On the boat the dampening was carried out with water from the tanks. 
No salt water spray was allowed to fall on the eggs. 


HANDLING AT MCCLINTON CREEK 


In 1931 an eyeing station to accommodate about one million eggs was built on 
a small tributary to McClinton creek. This had nine troughs, sixteen feet (4.9 m.) 
in length and sixteen inches (40.6 cm.) in width, with suitable arrangements of 
flume, settling tank and head trough to provide continuous water flow. 

Immediately upon the arrival of each shipment the eggs were measured in a 
druggist’s graduate, with the exception of the year 1931, when measuring was not 
carried out until after eyeing. By ascertaining the number of eggs contained in 
a known volume and determining the total volume of all eggs received, the number 
of eggs for all shipments could be calculated. Approximately 25,000 eggs were 
placed in each of five baskets contained in a sixteen-foot (4.9 m.) trough. Within 


eighteen hours all dead or white eggs were removed. From that time until the eyes 
appeared in the embryo some thirty days later, no handling was attempted. Imme- 
diately after eyeing, however, all dead eggs were again removed. Thereafter until 
the final disposition of the eggs or fry, continuous daily picking was carried out. 

Throughout the period of the experiment accurate records were maintained of 
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the eggs and fry removed and of other occurrences which might prove of importance. 
Temperatures of the water in the troughs and of the air were taken at approximately 
9.00 a.m. and 5.00 p.m. daily. 


DISPOSAL OF THE PRODUCT 


The original plan for the years 1931 and 1935 was to keep the product in the 
hatchery until the young had reached the free-swimming fry stage and then to plant 
them in the main stream. In 1931, however, shortly after the fry had hatched and 
before the yolk sacs had been absorbed, crowding was evident in the troughs. To 
relieve the pressure a number were removed at that time and planted in the main 
river. Every caution was observed in handling the fry carefully and in equalizing 
gradually the small temperature difference which existed between the water in the 
hatchery troughs and that in the main stream. In the 1935 experiment fry had to 
be planted for the same reason at the time when they had almost absorbed the yolk 
sac. 

In 1933, due to economic stress, it was decided that the eggs should be planted 
just after they had eyed in the autumn and thus save the costs of caring for them 
through the winter. Accordingly, about the middle of October the eggs were 
removed and planted in the main creek above the fences where natural runs were 
<nown to spawn in the “on” years and where the stream bed could not go dry. 
The planting manipulation was carried through by the use of the “Harrison” 
planting box, the apparatus approved and used generally by the Dominion Fish 
Cultural service. In order to discover the number of fry which hatched from this 
planting the screen fence designed for the enumeration of such fry (Pritchard 
1931) was put in place and operated during the spring of 1934. 


MARKING OF TRANSPLANTED Fry 

In the years 1933 and 1935, when the progeny were released as fry, a number 
were retained for a short period in the troughs and “marked” by the removal of 
certain fins. In the 1931 program the adipose and left ventral fins were removed 
from 124,002 individuals and in 1935 the adipose and right ventral fins from 
108,200. This procedure was designed to provide a definite means of identification 
of the adults when they returned. 


RECOVERY OF RETURNING ADULTS 


From previous work on the natural runs of pink salmon to this area it had 


been established that the individuals of the species mature and return to spawn in 
the autumn of their second year. Accordingly at that time every effort was made 


to examine the fishery to discover the presence of “marked” fish, the return of 
which would give the only indication of the success of the transfer. The industry 
was circularized, advising them of the fact that “marked” pink salmon might appear 
in the catches. The whole run to the Tlell river was examined for fin abnormalities 
and the fence was operated on McClinton creek to see if any fish returned to that 
area. Periodic qualitative inspections were carried out on most of the streams 
tributary to Masset inlet in a search for “marked” fish. 





ENVIRONMENTAL CONDITIONS IN EXPERIMENTS 

WATER FLow 

The water supply for the hatchery at McClinton creek was obtained from a 
small spring-fed tributary which had its source in the mountains at a height of 
approximately 2,800 feet (853.4 m.) above sea level. Even in the dryest part of 
the summer and the coldest portion of the winter this creek supplied sufficient water 
to furnish the hatchery. The taps from the head-trough into the troughs which 
contained the eggs were so regulated as to deliver from five to ten gallons (22.7- 
45.41.) per minute. In the winters of 1931-1932 and 1935-1936 for a short period 
some difficulty was experienced in keeping the ice from forming on the inlet and 
outlet screens and the surface of the water in the troughs, but by dint of constant 
attention and by partial heating of the hatchery, serious damage was avoided. Con- 
ditions in this respect were very much better during the second experiment (1935- 
1936), when, since the hatchery was sheeted in, the heat could be retained and 
concentrated. 


OXYGEN CONTENT OF THE WATER 

Naturally the dissolved oxygen content of the water in the troughs varied 
with the temperature and the water flow. Tests made occasionally by the Winkler 
method revealed that at times the dissolved oxygen content reached 115 per cent 
saturation. On other occasions this figure dropped to 90 per cent but at all periods 
the oxygen content was high. 


TEMPERATURE 


Because of the latitude in which the hatchery was situated and of the time at 


which the experiments were conducted, no trouble was experienced with high 
temperatures. The monthly range of the averages of the daily 9.00 a.m. and 5.00 
p-m. readings are as follows: August 10.8°C.-13.2°C.; September 5.8°C.-12.6°C. ; 
October 1.1°C.-11.7°C.; November 0.0°C.-8.1°C.; December 0.6°C.-8.0°C. ; 
January —1.3°C.-6.0°C.; February —0.1°C.-3.6°C.; March 0.0°C.-4.6°C.; April 
0.0°C.-7.3°C.; May 4.6°C.-9.8°C.; June 6.3°C.-7.8°C. 


RESULTS 
Table I presents a summary of the results for the three experiments. 
LOSSES 


In the three experiments the total losses calculated on the basis of the numbers 
of eggs actually shipped from the Tlell river varied from 22.3 to 29.0 per cent. Of 
this by far the greatest portion occurred in the first picking after the eggs arrived 
at the hatchery at McClinton creek (13.0 to 19.3 per cent). Exclusive of those 
taken for calculation of the number per ounce, mentioned specifically in the foot 
note at the bottom of the table, there were removed at that time 13.0 to 16.2 per cent 
of the shipments. Such a loss might be attributed to several causes. The fish when 
stripped may have been slightly “green” and fertilization may not have been com- 
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plete. Handling at the time of spawning might have had some detrimental effect. In 
view of the fact, however, that these procedures were strictly supervised by an 
experienced hatchery officer, such suggestions must be seriously discounted and 
the main cause of death probably laid to the unavoidable shaking and handling 
incident to the long road journey from the Tlell river to Port Clements where they 
were placed on the boat. 

The high percentage loss in fry during the winter of 1931-1932 was undoubtedly 
the result of the difficulties encountered in an effort to keep the ice from forming 
on the surface of the water in the troughs and on the inlet and outlet screens in an 
open unsheeted hatchery during the long cold spell. There does not appear to 
be any definite reasonable explanation for the relatively large loss in eggs in the 
1935 experiment during the stage from eyeing to hatching. As compared with 
1931 this was 8.4 per cent to 3.8 per cent. 


TABLE | 


Year 1931 1933 1935 

No. of eggs taken 1,131,700 695,200 712,200 

Losses Eggs First picking 147,212 134,360* 137,547** 
First picking after eyeing 26,599 10,375 19,381 
Eyeing to hatching 16,109 40,676 
For experimentation 10,171 
General 61,217 7,947 
Samples 145 
Injured at marking 647 


154,906 206,343 
Disposal Eyed eggs 540,294 
Fry Unmarked 753,646 (5 fry in 397,657 
Marked 124,002 spring of 108,200 
1934) 
Mark used Adipose + Adipose + 


left ventral right ventral 
Return Tlell river Marked None None 


McClinton creek Unmarked l 
Marked None 
Other areas Marked 40 
(Fraser r.) 
*This includes 17,745 ( 


**This includes 22,266 (3.13%) taken for estimating the number of eggs per ounce. 


55%) taken for estimating the number of eggs per ounce. 


RETURN IN ADULT FISH 


1931 TEST 


From the transfer of 1931, 124,002 “marked” and 753,646 unmarked fry were 
released in McClinton creek during the spring of 1932. Since examination of the 
natural runs in previous seasons had shown that all pink salmon mature in the 
autumn of their second year, the return from the planting was expected in 1933. 


At that time, as noted above, the weir at McClinton creek was operated as usual to 
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see if any returned there, the fence on the Tlell river was installed to examine the 
run to that stream, the rivers tributary to Masset inlet were inspected, and the 
industry was circularized and asked to watch for “marked”’ fish. One unmarked 
male appeared at McClinton. Although there is no positive proof that this 
unmarked fish was the result of the planting made two years previously, since none 
had been discovered in the area in the “off” year, circumstantial evidence would 
seem to support the assumption that it came from the transfer. At the Tlell river 
the examination of the whole run of slightly over 19,000 failed to reveal any 
“marks”. Since no “marked” fish occurred, it is justifiable to assume that no 
unmarked individuals from the Tlell-McClinton group found their way to that 
place. No pink salmon were reported from the rivers in the Masset area in spite 
of careful inspection. Forty legitimate scars from fish lacking the adipose and left 
ventral fins were received from the fishery in the vicinity of the Fraser river. No 
other district was represented. The transfer was therefore not successful in build- 
ing a run in McClinton creek, the fish did not return to the stream from which the 
eggs were taken, or to the rivers in Masset inlet, but they did contribute to the 
general fishery as shown by the recovery in the Fraser river area. 


1933 TEST 


In the autumn of 1933, 695,200 eggs were again transported from the Tlell 
river to McClinton creek. In October, 540,294 at the eyed stage were planted in 
the main creek. Unfortunately an unusual set of climatic conditions occurred which 
resulted in a heavy snowfall in November. Following upon this came 21.36 inches 
(54.25 cm.) of rain in January with over four inches (10 cm.) concentrated in the 
last two days of December and the first five in January. The result was that the 
snow which had collected on the hills melted very quickly, and, added to the falling 
rain, caused unprecedented freshets in the creek. At the fence site the water rose 
twenty-two inches (55.9 cm.) over the banks, from a usual low of 0.3 feet (0.09 m.) 
to over seven (2.1 m.). The result was disastrous to the planting as shown by the 
collection of only five fry at the screen counting fence. Owing to the paucity in 
numbers these were not released and thus the experiment was prematurely brought 
to an end. 


1935 TEST 


From the transfer of 712,200 eggs between Tlell and McClinton in the autumn 
of 1935, 397,657 unmarked and 108,200 “marked” fry were released in the spring 
of 1936. In the autumn of 1937 when the return was expected, the usual procedure 

and the Tlell river, examining the streams 
tributary to Masset inlet, and circularizing the industry, was carried out. Three 
males and three females reached McClinton creek. Of these two of each sex were 
found to lack the adipose and right ventral fins, proving definitely that they were 
the direct result of the experiment. At the Tlell river the examination of the total 
run of 2,052 females and 2,194 males failed to reveal any marks so it is assumed 


that no transferred fish returned there. Only one pink salmon was located in any 
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other stream in Masset inlet and it was found just above tide water in the small 
creek which empties into the eastern side of McClinton bay. As far as could be 
determined, the fish was unmarked. Although it is realized that requesting th« 
various men in the fishing industry to watch for “marked” fish in the catches which 
come into the plants is not the most efficient method of collection, since fish may 
ship through unnoticed in the rush of the busy season, nevertheless it is felt that 
if any number had occurred, a few at least would have been reported. None were 
recovered. Thus although the experiment was successful in bringing back six pink 
salmon to McClinton creek, it did not establish a sizable run. There is no evidence 
that it made any contribution to the general fishery as did that of 1931. 


DISCUSSION 

Various explanations have been offered as to the cause of the so-called “off” 
year in Masset inlet, all of which embody in one form or other the idea that a 
catastrophe occurred at some time which completely wiped out the run or the 
progeny therefrom. That complete destruction could result in any one season is 
distinctly possible since all pink salmon mature in the autumn of their second year. 
There is thus no overlapping from year to year as would be the case if there were 
three-year-old as well as two-year-old spawners. Any disaster, therefore, which 
demolished the existing run would leave a permanent biennial blank since there 
would be no stock left to perpetuate the species. 

The possibility that the catastrophe took the form of a severe freshet whick 
washed out the eggs has been frequently mentioned. Unfortunately there is no 
record of such an occurrence, but the plausibility of the suggestion is shown by the 
complete annihilation of the eyed eggs in the present experiments during the winter 
of 1933-1934. 

The proposition has been advanced that the mass of decaying carcasses from 
the large spawning runs produces a mild form of pollution which makes conditions 
impossible for the successful development of the eggs in the following year. Such 
a situation is hardly credible, since it demands an environment sufficiently specific 
in its effect to be deleterious to pink salmon and yet not unfavourable to the closely 
related species, coho, chum, sockeye, and spring, which spawn annually in the area. 
In addition, such isolated determinations as have been made of the acidity and 
temperatures of the rivers in the even and odd-numbered years, as well as the 
qualitative observations which have been carried out, fail to reveal differences 
sufficiently large and consistent to warrant such variations in the abundance of pink 
salmon. 

Still another theory postulates a severe disturbance, probably volcanic in char- 
acter, occurring in an odd-numbered year in the vicinity of the northern Queen 
Charlotte islands, causing the bulk of the pink salmon in that area to change direc- 
tion and go south, thus greatly increasing the run in the southern district. On this 
basis the present big run in the north in the even years would be the normal one as 
would also be the small migration which occurs in the south at the same time. The 


large run in the odd-numbered years in the south would be the normal augmented 
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by the Queen Charlotte island fish which have continued the habit of migration set 
up by the catastrophe. 

If the present condition of the runs of pink salmon in Masset inlet is the result 
of a disaster of any of the types above, it would be reasonable to assume that the 
“off-year” run might be rebuilt at the present time when conditions are apparently 
favourable again. The failure of the transfers just completed can hardly be attri- 
buted to faulty manipulation. A criticism might be advanced that too few eggs 
were used to provide enough progeny to form the basis of a run. In the natural 
migrations to McClinton creek which have been examined, never less than 13,000,- 
000 eggs have been deposited. Of these approximately seven per cent or 155,000 
adults have returned. On the same basis the number which might be expected from 
the transfers would be 3,500 to 6,000. This is admittedly a small number but 
seemingly should have provided sufficient return to demonstrate the feasibility of 
such experiments. 

Why there were practically no recoveries from the two experiments which 
were carried to completion can only be conjectured. On their adult migration the 
fish may have come into contact with large schools bound for other rivers, mingled 
with them, and become “lost”. The fact that some “marked” individuals were taken 
in the Fraser river fishery in 1931 would lend some support to this possibility. On 
the other hand the relatively small schools of young fish entering Masset inlet from 
McClinton creek in the “off” years might have been almost completely eliminated 
by predators. 


SUMMARY AND CONCLUSIONS 


Three attempts to establish runs of pink salmon in McClinton creek in Masset 
inlet in the odd-numbered years when the species is unknown in the area, have been 
unsuccessful. Even in the year 1937 when six fish returned, the numbers were 
insufficient for the establishment of a run. 

The three experiments, involving the transfer of eggs from the Tlell river, 
thirty miles (48.3 km.) distant, and the liberation of 877,648 and 505,857 free- 
swimming fry and the planting of 540,294 eyed eggs, were undertaken in an effort 
to determine quickly the feasibility of using transplantation as a means of building 
a run in the “off” year. This is a direct attack on the problem of non-occurrence 
of pink salmon in alternative seasons. In view of the unsuccessful outcome of the 
trials, it is evident that any future investigation should be directed toward discover- 
ing the fundamental factors involved in the phenomenon of “off” years concerning 
which little is known at the present time. 
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